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SU MMARY
The va lu e  o f short term  screening techn iques fo r exam in ing  chem ica ls  
fo r  th e ir  a b il i ty  to  cause cancer and the developm ent o f methods w h ich  
fa c i l i ta te  the e a rly  d e te c tio n  o f tum our g row th  is  now w id e ly  accep ted .
The use o f the q u a n tita tio n  o f o n co foe ta l p ro te ins has re c e n tly  been 
proposed as a u se fu l techn ique  in both these  f ie ld s  o f c a rc in o g e n e s is .
T h is  th e s is  describ es  the  developm ent o f a v e ry  se n s it iv e  rad io im m uno­
assay  fo r one such onco foe ta l a n tig e n , a lp h a fo e to p ro te in , and exam ines 
the production o f th is  p ro te in  during  tra n sp la n ta tio n  o f tum our tis s u e  and 
during  trea tm ent o f c e ll cu ltu res  w ith  carc inogens and n o n -ca rc in o g e n s .
A number o f o the r parameters proposed as sho rt-te rm  screening procedures 
inc lu d in g  DNA re p a ir , increase in c e ll d iv is io n ,  ind uc tio n  o f b ip h e n y l-2 -  
hyd roxy lase  a c t iv ity  and m orpho log ica l changes are assessed and compared 
w ith  the production  o f a lp h a fo e to p ro te in .
The ro le  o f a lpha foe top ro te in  in  s tim u la tin g  c e ll g row th and d iv is io n  
is  assessed a long w ith  its  re la t io n s h ip  to  tum our im m uno logy. The c e ll 
cu ltu re  system is  exam ined as an experim enta l model w ith  w h ich  to  s tudy  
the e ffe c t o f x e n o b io tic s  on an im als and is  compared to  the com m only 
used techn ique  o f long-te rm  parentera l a d m in is tra tio n  o f c h e m ic a ls .
The re s u lts  obta ined from these experim ents are d iscusse d  in re la t io n  
to  the curren t lite ra tu re  in an attem pt to  ra tio n a liz e  a m echanism  o f tum our 
p ro d u c tio n .
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CHAPTER ONE
GENERAL INTRODUCTION
1 .1 CHEMICAL CARCINOGENESIS
Perhaps the f i r s t  obse rva tion  th a t cancers m ight be due in part to 
exposure to exogenous fa c to rs  came from the c l in ic a l obse rva tions  o f 
S ir P e rc iva ll Pott in 1775. He a ttr ib u te d  the sc ro ta l cancers observed 
in a number o f h is  pa tien ts  to  th e ir  occupa tion  o f sweeping ch im neys 
and there fore  th e ir  con tinuous exposure to soot over many years (see 
Potter 1963).
M any years la te r Rehn (1895) observed th a t the pa tien ts  who presented 
them se lves w ith  b ladder cancer a l l  worked in the d y e s tu ff in d u s try . He 
concluded th a t the occurrence o f b ladder cancer was re la ted  to  the 
exposure to  the arom atic  am ines and th e ir  d e riv a tiv e s  used in th is  in d u s try .
Experim enta l proof fo r these c l in ic a l obse rva tions  came la te r .
Bashford in  h is  "D ra ft Scheme fo r Enquiry in to  the N atu re , C ourse , 
Prevention and Treatm ent o f C a n ce r" , prepared in 1902 and subm itted  as 
an a p p lic a tio n  fo r the D ire c to rs h ip  o f the ne w ly  founded Im p e ria l Cancer 
Research Fund in London, s p e c if ic a lly  m entioned the sys tem a tic  s tudy  
o f the p e rs is ten t ir r ita t io n  o f va rio u s  e p ith e lia l surfaces in  d if fe re n t 
spec ies  o f an im a ls , bearing in m ind the poss ib le  experim enta l production  
o f cancer in chim neys sweeps and w orkers in  the petroleum  in d u s try . 
Bashford, how ever, never put h is  scheme into a c tio n  and the f i r s t  d e c is iv e  
experim ents in th is  f ie ld  were made in  Japan by Yamagiwa and Ich ika w a  
(1915) who induced pap illom as by a pp ly ing  coa l ta r  re pea te d ly  to  the inner
surface o f rabb its * e a rs . Kennaway and H ieger (1930) showed th a t a 
pure, s y n th e tic  hydrocarbon was ca rc ino gen ic  when app lied  to  the sk in  
o f m ice . Th is ch e m ica l, 1 ,2  , 5 ,6 -d ib e n za n th ra ce n e , was there fo re  the 
f i r s t  pure substance o f known chem ica l c o n s titu tio n  to be proved ca rc in o ­
g e n ic . The use o f pure, d e fin e d , chem ica l substances in troduced in to  
ca rc in ogen ic  experim ents an accu racy and co n s is te n cy  w h ich  were 
im poss ib le  when h ig h ly  com plex and va ria b le  m ix tu res  lik e  ta r  and m ine ra l 
o i ls  were u s e d .
Hue per e t a_l. (193 8) dem onstrated th a t 2 -naph thy lam  in e , one o f the 
im portant d y e s tu ff in te rm e d ia te s , produced b ladder cancer in dogs , 
s im ila r  to  the d isease  seen in m an. S uccess, in  th is  ca se , was due to 
the se le c tio n  o f the  dog as the experim ental an im a l and, above a l l ,  the 
re a liz a tio n  th a t large doses were needed over a long pe riod .
- These tw o h is to r ic a l exam ples show c o n c lu s iv e ly  th a t even w ith  
pow erfu l ca rc ino gen ic  agents having  d e fin ite  e ffe c ts  in man, i t  was 
d i f f ic u l t  to  produce cancers in an im a ls u n t i l  adequate experim enta l 
co n d itio n s  were e s ta b lis h e d .
D uring  the 1930's and 1 9 40 's , l i te ra l ly  hundreds o f p o ly c y c lic  
hydrocarbons were syn thes ized  by J .W . Cook in England and L .F .  F ie ze r 
in America and were tes ted  in m ice b y , among o th e rs , E .L . Kennaway 
and M .J . Shear. Subsequently i t  was found th a t substances be long ing  
to  o the r c lasses  o f compound were a lso  able  to  induce tum ours in  a n im a ls . 
The groups o f compound possessing th is  a b il i t y  are shown in F ig . 1 .1 .
Figure 1 .1  Examples o f d if fe re n t groups o f chem ica l compounds e x h ib it in g  
ca rc ino gen ic  a c t iv i t y .
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1 .2 METABOLIC ACTIVATION OF PRECARCINOGENS
The d isco ve ry  o f carc inogens o f d if fe re n t s truc tu re  and the observa tion  
th a t analogues w ith in  chem ica l groups need not a l l  be ca rc inoge n ic  made 
in i t ia l  a ttem pts a t co rre la tin g  s truc tu re  -with a c t iv ity  com p lex . An 
advance tow ards a u n ifie d  concept was made when i t  was found th a t 
many compounds required a c tiv a tio n  by the m e tabo lic  pathways o f the 
hos t before they  became c a rc in o g e n ic . Th is observa tion  can be a ttr ib u te d  
to  a large ex ten t to  the w ork o f the M ille rs  (M il le r  and M i l le r ,  1966;
M i l le r ,  1971). In  a lm ost a l l  cases the m etabolism  generates an 
e le c tro p h ilic  spec ies and those carc inogens w h ich  do not requ ire  m e ta b o lic  
a c tiv a tio n  e .g .  a lk y la tin g  agents such as the su lphur and n itrogen  m usta rds , 
aLready possess e le c tro p h ilic  p ro p e rtie s . Examples o f e le c tro p h ilic  
group ings and the c e llu la r  n u c le o p h ilic  s ite s  w h ich  are a ttacked  are 
shown in F ig . 1 .2  .
In  most ins tances  the enzymes invo lved  in the m e ta bo lic  a c tiv a tio n  
are the m ixed fu n c tio n  ox idases  (MFO) o f the endop lasm ic re tic u lu m .
These enzymes are NADPH-dependent and ca ta lyze  the inco rpo ra tion  o f 
one atom from m o lecu la r oxygen in to  substra te  m o le cu le s . The modes o f 
a c tio n  o f the ox idases  are not ye t fu l ly  understood, but the enzymes appear 
to  c o n s is t o f e le c tro n -tra n sp o rtin g  system s together- w ith  a te rm in a l 
cytochrom e w h ich  may e x is t in two forms depending on its  c h a ra c te r is tic s  
o f b in d in g , in h ib it io n  and in d u e |b i l i ty .  These cytochrom es are termed 
cytochrom e P-450 and cytochrom e P -448 . The m echanism s o f o x id a tio n
Figure 1.2* The b ind ing  o f e le c tro p h ilic  chem ica ls  to c e llu la r  n u c le o p h ile s
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have been rev iew ed by Estabrook et a L  (1973) and a proposed scheme o f 
a c tio n  is  shown in F ig . 1 .3 .
a) P o iy c y c lic  Hydrocarbons
M o s t o f our present understand ing o f the p o ly c y c iic  a rom atic  hyd ro ­
carbons stems from the research  o f Boyland and/Sims and G rover and 
has been exceLLently rev iew ed (Sims and G rover, 1974; H e id e lb e rg e r, 
1970).
The prim ary m e tabo lic  steps fo r a ty p ic a l ca se , benz(ct)anthracene 
are il lu s tra te d  in F ig . 1 .4 .  The products o f m etabo lism  being the pheno l, 
the tra n sd ih yd ro d io l and the g lu ta th io n e  con juga te ; the phenol undergoes 
fu rth e r con juga tion  w ith  g lu cu ro n ic  ac id  or su lp h a te . The ev idence  fo r 
the m etabolism  proposed (F ig . 1 .4 ) was ob ta ined by Boyland and Sims 
(1964) v ia  the epoxide w h ich  had p re v io u s ly  been proposed by Boyland 
(1950). Jerina e t a L  (1970) suggested th a t such an epoxide in te rm ed ia te  
w ould  be a product o f a l l  m icrosom al arom atic  r ing  h y d ro x y la tio n .
The m etabolism  can be summarized as fo llo w s ; So fa r  a l l  the  epoxides 
th a t have been iso la te d  and ch a rac te rized  have been loca ted  a t the  K -re g ion  
and these are converted by m icrosom es in to  the correspond ing  d ih y d ro d io ls  
(u s u a lly  trans) . Several n o n -K -re g io n  epoxides have been syn thes ized  
but these have been much less s tab le  than K -reg ion  epoxides (S im s, 1971; 
W a te r fa ll,  1972). The m etabolism  o f p o iy c y c lic  a rom atic  hydrocarbons to  
d ih yd ro d io ls  can take  place a t p o s itio n s  o ther than the K -reg io n  a lso  w ith
Figure 1 .3 ' A proposed scheme fo r the c y c lic  reduc tion  and oxygena tion  
o f cytochrom e P-450 during o x id a tio n  o f d ru g s .
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Figure 1 .4  M e tabo lism  o f benz(a)anthracene at the K reg ion
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presumed epoxide in te rm ed ia tes (S im s, 1971; W a te rfa ll and S im s, 
1972). T w o -s te p  a c tiv a tio n s  to  d ih y d ro d io l epoxides have a lso  been 
observed (Sims and G rover, 1974). The b ind ing  o f a c tive  m e tabo lite s  
o f p o iy c y c lic  arom atic hydrocarbons to  c e llu la r  n u c le o p h ile s  and the 
re levance  to  c a rc in o g e n ic ity  w i l l  be d iscussed  la te r in th is  ch a p te r.
1 b) A rom atic Amines
Our know ledge o f the m e tabo lic  a c t iv a t io n , b ind ing  to  m acrom olecules 
and m echanism  o f a c tio n  o f a rom atic  am ines stems la rg e ly  from the 
research  o f the M ille rs  who have rev iew ed the w ork in th is  f ie ld  (M il le r  
and M i l le r ,  1966, 1970, 1974) much o f w h ich  has been ca rried  out w ith  
2 -a ce ty la m ino flu o re ne  (AAF). This potent carc inogen is  a c tiva te d  by 
m icrosom al N -h yd ro xy la tio n  to  the proxim ate ca rc inogen , w h ich  is  
converted by a su lpho transfe rase  in ra t l iv e r  in to  a h ig h ly  re a c tiv e  e le c tro  
p h il ic  e s te r, considered to  be the u ltim a te  carc inogen (see F ig . 1 .5 ) .
O ther m echanism s o f m e ta bo lic  a c tiv a tio n  o f AAF have been e lu c id a te d  
and inc lude  the fo rm ation  o f a n itro x id e  free ra d ic a l in the presence o f 
peroxidase th a t can undergo d ism u ta tio n  to  g ive  N -ace toxy-A A F (King
Figure 1 .5  A c tiv a tio n  o f 2 -A ce ty lam in o fluo ren e
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prom otion 
se le c tio n  
grow th
G ross neoplasm s
Taken from M il le r  and M il le r  (1974)
c) N itros  am ines
Simple a lip h a t ic  n itrosam ines  produce a v a r ie ty  o f m a lignan t tum ours, 
m ost com m only in l iv e r ,  k id n e y , lung and oesophagus and th e y  are 
e ffe c tiv e  ca rc inogens by severa l d if fe re n t routes o f a d m in is tra tio n .
The w ho le  f ie ld  o f n itro s  amine ca rc in ogenes is  has been rev iew ed (Magee 
and Barnes, 1967; Magee and Swann, 1969). The m etabolism  o f 
n itrosam ines  has been review ed by K ru g e r, (1972).
C a rc in o g e n ic ity  o f n itrosam ines  is  dependent upon the presence o f 
an a lk y l group w ith  a hydrogen a tom s. Th is is  the  s ite  o f m e tabo lic  
a tta ck  by m o lecu la r oxygen m ediated by the MFO system and re s u lts  in 
the loss o f one a lk y l group y ie ld in g  m onoa lky l n itrosam ine  w h ich  breaks 
down spontaneously  to  g ive  an a lk y l carbonium  io n . In  the case o f 
d im e thy ln itrosa m in e  th is  re s u lts  in a m e thy la tin g  agent ak in  to  d im e th y l-  
su lp h a te , much used fo r m e th y la tio n  in o rgan ic  c h e m is try .
Two c lasse s  o f compounds w h ich  are in te rm ed ia te  between the 
c la s s ic a l a lk y la tin g  agents and the n itrosam ines  are the n itro sa m id in e s  
e .g .  N -m e th y l-N '-n itro -n itro s o g u a n in e  and the n itrosam ides. e .g . N - 
m e th y l-N -n itro s o u re a . These compounds do no t requ ire  m e ta b o lic  
a c tiv a tio n  but are a c tiva te d  by an ions such as hyd roxy l o r su lp h yd ry l 
g roups , y ie ld in g  sim ple  a lk y l carbonium  io n s .
1.3  FACTORS AFFECTING CHEMICAL CARCINOGENESIS
So fa r in  th is  sec tion  we have d iscu sse d  the m e ta bo lic  a c tiv a tio n  
o f precarcinogens to  the u ltim a te  ca rc in o g e n . I t  is e s s e n tia l to  
em phasize th a t many d e to x ic a tin g  processes a lso  occu r in the c e ll 
many o f w h ich  take  place in v e ry  c lose  p ro x im ity  to  the a c tiv a tio n  s ite s .  
Th is  means th a t w ith  these  chem ica ls  there  is  a tim e -dependen t 
ba lance between a c tiva te d  and de to x ica ted  ch e m ica ls . An exam ple o f 
such a d e to x ic a tio n  m echanism  is  co n jug a tion  to  form g lu c u ro n id e s .
I t  cou ld  be postu la ted  th a t the ba lance between a c tiv a tin g  and 
d e a c tiv a tin g  enzymes present in a t is s u e  exposed to  the parent compound 
may determ ine the tis s u e  s p e c if ic i ty  o f such a ca rc in o g e n ic  compound 
and th is  argument cou ld  be extended fu rth e r to  encompass an im a l spec ies 
and s tra in s  show ing d iffe re n t s u s c e p t ib ili ty  to ca rc inogenes is  by a 
ce rta in  ch e m ica l.
I f  the lack  o f tis s u e  s u s c e p t ib i ii ty  to  chem ica l ca rc inoge nes is  is  
due to  d e a c tiv a tio n  by con juga tion  w ith  e .g .  g lu cu ro n ic  a c id , i t  is  
p o ss ib le  th a t e xc re tion  o f g lucu ron ides  in b ile  w i l l  a llo w  the a c tio n  o f 
the in te s tin a l b a c te r ia l f lo ra  enzyme system  in c lu d in g  $ g lucu ron ida se s  
on the  con jugate  a llo w in g  the free u ltim a te  carc inogen  to  be reabsorbed 
and o ther tis s u e s  to  be exposed .
Since c a rc in o g e n ic ity  is dependent to  such a large e x ten t on the
m e ta b o lic  s ta tus  o f the h o s t, i t  is  not su rp ris in g  th a t fa c to rs  a ffe c tin g  
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th is  s ta tus  w i l l  a lso  a ffe c t the c a rc in o g e n ic ity  o f ch e m ic a ls . For 
exam ple the presence and a c t iv ity  o f m e ta b o liz in g  enzymes va rie s  w ith  
s p e c ie s . Gutmann et a j.. (1972) a ttr ib u te d  the re s is ta n ce  to  hepa to - 
ca rc inogenes is  by AAF in  d if fe re n t s tra in s  o f the same spec ies  to  the 
in a b i l i ty  to  perform one o f the a c tiv a tio n  s te p s .
H epa toca rc inogenes is  in the  male ra t by AAF or its  m e ta b o lite s  is  
su sce p tib le  to  hormonal m an ipu la tion  (M il le r ,  1970; W e isbu rge r and 
W e isbu rg e r, 1958; G o o d a ll, 1968). T hyro idec tom y, hypophysectom y 
or c a s tra tio n  and a d m in is tra tio n  o f eos trogens, a l l  in h ib it  the  ca rc in o ­
g e n ic ity  o f AAF or N -hydroxy-AAF a p p re c ia b ly . These endocrine a lte ra tio n s  
are re fle c te d  in a low er su lpho transfe rase  a c t iv i t y ,  p rov id ing  a d d itio n a l 
ev idence  th a t A A F -N -su lpha te  is  an u ltim a te  re a c tive  form o f AAF in the 
liv e r  (DeBaun et a j, . , 1970). I t  is  probably endocrine d iffe re n ce s  w h ich  
predispose male an im a ls  to  greater s u s c e p t ib i l i ty  to  chem ica l ca rc in o g e n e s is .
A number o f s tu d ie s , rev iew ed by Conney (1967) and G e lbo in  (1967), 
have shown th a t a number o f p o iy c y c lic  hyd roca rbons, p h e n o b a rb ita l, 
naphtho flavone and o ther compounds g re a tly  increase the  a c t iv it ie s  o f 
the m ixed fu n c tio n  o xygen a se s . M il le r  e ta_ l. (1958) dem onstrated th a t 
p ro te c tion  a ga ins t ca rc inogenes is  induced by d im ethy lam inoazobenzene 
(DAB) was due to  the m ain ta inance o f the N -dem ethy lase  enzym es and 
o the r enzymes w h ich  are required  to  produce the n o n -ca rc in o g e n ic  
a n ilin e  d e r iv a t iv e s . Cramer e ta j. .  (1960) suggested th a t the in h ib it io n  
o f the c a rc in o g e n ic ity  o f AAF was due to  the increased c a p a c ity  o f ra t 
l iv e r  to  convert i t  to  n o n -c a rc in o g e n ic , r in g -h y d ro x y la te d  d e r iv a t iv e s .
The p o te n tia l use o f a lte r in g  the m etabo lic  c a p a b ility  o f humans in 
order to  in h ib it  chem ica l ca rc inog ene s is  was proposed by W attenberg (1966), 
but u n t i l  the re la tio n s h ip s  between fac to rs  a ffe c tin g  the a c tiv a tin g  and 
in a c tiv a tin g  enzyme system s o f a l l  types o f chem ica l ca rc inogens have 
been fu l ly  e luc ida ted  th is  method w i l l  be o f lim ite d  va lu e  o n ly .
Nebert and h is  co -w o rke rs  have shown th a t a ry l hydrocarbon 
hyd roxy lase  is  in d u c ib le  in a n im a ls . Th is in d u c ib i l ity  is  g e n e tic a lly  
determ ined and is  inhe rited  as an autosom al dom inant t r a i t  (Nebert and 
G ie le n , 1972; Thomas et a_l., 1972). Th is suggests th a t the  popu la tion  
cou ld  be d iv id e d  in to  groups w ith  a lo w , in te rm ed ia te  and h igh  enzyme 
in d u c ib i l i t y .  W hen enzyme in d u c ib i l i ty  was stud ied  in p a tien ts  w ith  
end w ith o u t pulmonary cance r, 30% o f the cancer pa tien ts  were found to  
f a l l  in to  the h ig h ly  in d u c ib le  group compared w ith  9% o f co n tro l s u b je c ts .
I t  is  d i f f ic u l t ,  how ever, to  re co n c ile  these  re su lts  w ith  those  o f 
Cramer et a I . (1960) where decreased c a rc in o g e n ic ity  o f AAF is  a ttr ib u te d  
to h igh  m e tabo liz ing  a c t iv it y .  Due to  the c r i t ic a l  ba lance betw een 
a c tiv a tin g  and in a c tiv a tin g  enzymes o f the  host i t  is  p o ss ib le  th a t in d u c tio n  
o f such system s m igh t a lte r  the  e q u ilib r iu m  in e ith e r d ire c t io n .
1 . 4 .  BIOLOGICAL CHARACTERISTICS OF CHEMICAL
CARCINOGENESIS
The curren t lite ra tu re  s tresses a number o f po in ts th a t are b a s ic  
to  chem ica l c a rc in o g e n e s is :-
i) The e ffe c ts  o f carc inogens are a d d itive
Q
i i)  The e ffe c ts  are irre v e rs ib le  '
i i i )  The e ffe c ts  are dose dependent
iv) C arc inogenes is  requ ires  tim e
v) C arc inogenes is  requ ires  c e ll  p ro life ra tio n
v i)  C arc inogenes is  can be a ffec ted  by fa c to rs  th a t are
not tru ly  ca rc in o g e n ic
v i i )  C arc inogenes is  is  dependent upon the p h y s io lo g ic a l 
co n d itio n  o f the host
Dose Dependence
Experim ents in v iv o  on the ra te o f ca rc inogenes is  w ith  the
q u a n tity  o f the chem ica l adm in is te red  have ra re ly  been done s ince  th is
parameter is  best stud ied  w ith  carc inogens th a t need o n ly  to  be adm in is te red
once in  order fo r ca rc in ogenes is  to  be in it ia te d . I t  is  a lso  e s s e n tia l fo r
l ife - t im e  s tud ies  to  be performed to  assess the inc idence  o f cancer
fo rm ation  a t low er doses o f ca rc in o g e n . In  a dose -response  s tudy  o f
ca rc in ogen ic  hydrocarbons in C ^H  male m ice Bryan-and S h im k in , (1941; 1943),
obta ined the now c h a ra c te r is tic  s igm o ida l re la t io n s h ip  between tum our
inc idence  and lo g ,,, dose .10
E xce lle n t dose-response  curves have a lso  been produced from s tu d ies
w ith  rodents re ce iv in g  sm a li doses o f carc inogen d a ily  fo r va ry in g  lengths 
o f tim e thus a lte r in g  the f in a l to ta l amount o f carc inogen g iven  (D ruckrey 
and Schm al, 1963). These w orkers a lso  showed th a t a lte ra tio n s  in the 
dose le ve ls  th roughout the experim ent d id  not a ffe c t the dose-response  
re la t io n s h ip  and hence supports the v ie w  th a t each dose produces a 
d is c re te , a d d itiv e  and irre v e rs ib le  e ffe c t (see F ig .1 .6 ) .
The c la s s ic a l dose-response  s tud ies  (Bryan and S h im pkin , 1941 , 1943; 
G ree ns te in , 1954; C la yso n , 1962; Hue per and C onw ay, 1964) have been 
re -exam ined  in regard to  the problem o f a th resho ld  w ith  chem ica l 
ca rc inogens (M a n te l, 1963). The re s u lts  suggest the ex is te nce  o f a no­
e ffe c t dose w h ich  h o ld s , how ever, o n ly  fo r the p re c ise , experim enta l 
co n d itio n s  under w h ich  i t  was e s ta b lis h e d .
The fa c t th a t ca rc in ogenes is  requ ires  tim e to deve lop  is  shown by the 
ex is te nce  o f an "abso lu te  minimum period o f la te n cy " before w h ich  it  is  
im poss ib le  to  produce a tum our by the chem ica l carc inogen  no m a tte r how 
large the dose . The "abso lu te  period o f la te n c y "  appears to  be a 
c h a ra c te r is tic  o f the ca rc inogen  and fo r benzo(a)pyrene by in je c tio n  in 
m ice is  app rox im a te ly  60 days (R yser, 1971).
Berenblum (1941) showed th a t the a p p lic a tio n  o f the n o n -ca rc in o g e n , 
c ro ton  o il ,a f te r  a dose o f h yd roca rb on , increased the tum our y ie ld  and 
shortened the la ten t pe riod . M a te ria ls  such as croton o i l  are termed 
'p rom ote rs ' o r 'p rom oting a gen ts ' (see C la yso n , 1962; S a ff io t i and S hub ik , 
1963; Berenblum, 1964; Poe l, 1964; Salaman and Roe, 1964). The 
a c tive  ing red ien ts  o f croton o i l  were iso la te d  and id e n tif ie d  as phorbol 
es te rs  (see F ig . 1 .7 ) by V an-D uuren (1966) and H ecker (1966).
Figure 1 .6  R e la tio nsh ip  between d a ily  dose o f d im ethylam inoazobenzene 
and hepatoma production
D a ily  DAB dose La ten t period T o ta l dose
(mg) (days) (mg)
0 .1  No induc tion
0 .3  No induc tion
1 700 700
3 3 50 1050
5 190 950
6 167 1000
10 95 950
20 52 1040
30 34 1020
Taken from Terayama (1967)
F igure  1 .7  Phorbol d ie s te rs , the a c tive  ing red ien ts  o f cro ton  o i l .
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and R^ m ust be one o f seven fa t ty  ac id  es te rs-,o r 
ih e  u n e s te rifie d  p o lya lcoh o l is  in a c t iv e .
The in it ia t in g  and promoting agent need not a lw ays be app lied  to  the 
same s ite .  Skin tum ours have been produced in m ice , p re v io u s ly  fed 
urethan or 2 -flu o re n a m in e , by pa in ting  the sk in  w ith  cro ton o i l  (R itch ie  
and S a ffio tti, 1955).
Promoting agents appear to  low er the th resho ld  o f a c tio n  o f  in it ia to rs  
and have resu lted  in the d e te c tio n  o f new ca rc inog ens . For th is  reason 
it  is  perhaps necessa ry  to  te s t fo r ca rc in o g e n ic  chem ica ls  w ith  and 
w ith o u t promoting a g en ts . They have a lso  confirm ed the ir re v e rs ib le
nature o f ca rc in o g e n ic  in it ia t io n  and strengthened the concep t th a t 
ca rc ino gene s is  is  a t leas t a tw o -s ta g e  phenomenon. S ivak  and Dureen 
(1970a,1970b) have shown th a t phorbol este rs re lease  the g row th  in h ib it io n  
o f 3T3 mouse fib ro b la s ts  w h ich  n o rm a lly  show a marked co n ta c t in h ib it io n .
The e s te rs , w h ich  were found lo ca lize d  a t the c e ll membrane by au to ­
rad io g raphy , a lso  increase RNA, DNA and pro te in  syn thes is  on con tinuous 
exposure . I t  can be pos tu la ted  th a t th is  g row th  s tim u lus  may be the b as is  
o f the promoting a c t iv i t y .
C e ll P ro life ra tio n
I t  has been known fo r a long tim e th a t young an im a ls  and t is s u e s  th a t 
show a h igh  grow th ra te have a h igh  s u s c e p t ib ili ty  to  chem ica l ca rc in o g e n e s is . 
In a d d itio n / s tim u la tio n  o f m ito s is  by prom oting agents and the  h ighe r 
s u s c e p t ib i li ty  to m a lignancy  o f t is s u e s  undergoing regenera tion  a fte r 
m echan ica l in ju ry  a l l  po in t to  the n e c e s s ity  o f c e ll .p ro life ra tio n  fo r 
ca rc inogenes is  (Rous and K idd, 1941; P u llin g e r, 1945).
The a lte ra tio n  in the ra te  o f c e ll  p ro life ra tio n  probably accoun ts fo r  the
observa tions  th a t dosage o f to x ic ,  n o n -ca rc in o g e n ic  compounds w ith  
carc inogens increases the s u s c e p t ib i li ty  o f the an im als to  tum our p roduc tion . 
Th is is c le a r ly  seen in the dosing  o f carbon te tra ch lo r id e  w ith  the carc inogens 
AAF (W eisburger et a l . , 1965), and d ie th y ln itro s a m in e , (SchmHhl e t a l .  , 1965) 
I t  may a lso  account fo r the obse rva tio n  th a t ce rta in  m eta ls cause cancer 
i f  im planted in an im a ls in the form o f fo i ls  but not when in je c te d  in  powder 
fo rm , i . e .  the fo i ls  cause p h ys ica l damage thus s tim u la tin g  c e ll d iv is io n  
and enhancing ca rc in o g e n e s is , (M ohr and N o th d u rft, 1958).
O ther fa c to rs  a ffe c tin g  chem ica l ca rc inogenes is  in c lu d in g : age , sex , 
n u tr it io n a l fa c to rs  and environm ent have been am ply rev iew ed and w i l l  not 
be expanded on here (W eisburger and W e isbu rg e r, 1967; Hueper and C onw ay, 
1964; Madhaven et a_l. ,  1968; Reuber, 1975).
1 .5  INTERACTIONS OF ULTIMATE CARCINOGENS W ITH  
CELLULAR NUCLEOPHILES
In  many cases the u ltim a te  carc inogen is an e le c tro p h ilic  reagent 
w h ich  is capable o f cova len t b ind ing  to  n u c le o p h ilic  s ite s  in the c e ll 
o r on the c e ll membrane. Th is  b ind ing  brings about the in it ia t io n  o f 
ca rc in o g e n e s is , no m a tte r w h ich  m ech an is tic  th e o ry , i f  a n y ,is  cons idered, 
as c o rre c t. An example o f such b ind ing  p o s s ib ilit ie s  is  shown in F ig . 1 .8 .  
w ith  the poss ib le  c e llu la r  n u c le o p h ile s  being D NA, RNA,proteins and o ther 
m acrom olecules such as ca rbohyd ra tes .
a) B inding to  Prote in
M uch w ork has been done on the b ind ing  o f carc inogens to  p ro te ins 
s ince  the M ille rs  f i r s t  observed the co va le n t b ind ing  o f DAB to  p ro te ins 
o f ra t l iv e r  (M il le r  and M i l le r ,  1947). Th is w ork has been am ply rev iew ed 
by M i l le r  and M i l le r  (1974), Sorof and Young (1967) and Terayama (1967). 
The m ost im portant fin d in g s  can be summarized as:~
i) The m ajor p roportion  o f ra t liv e r  pro te in  con ta in in g  bound 
d e r iv a tiv e s  o f AAF or DAB was found in the c y to s o l and was 
e le c tro p h o re tic a lly  de fined  as s low  "h 1 p ro te in . T h is  p ro te in  
was p a r t ia lly  cha rac te rized  by Sorof and Young (1967).
Tokuma and Terayama (1973) showed th a t th is  p ro te in  is  a lco h o l 
dehydrogenase. The main re a c tion  o f AAF-N~ su lpha te  w ith  the 
p ro te in  appears to  be v ia  m e th io n in e .
Figure 1 ;'8 B inding o f e le c tro p h ile s  to guanine res idues
i)
2 AAF
,C O .C H ,
\o.so.
C O .C H ,
NH,
N -(G u a n in -8 -y l)-2 -A A F
G uanine res idue
ii)
C H 3 -  N -  C O .N H 2 
NO
OCH,
v ia  a lk y l carbonium  
ions
N
'N '
NJ
W ' NH,
N -M e th y l-N -N itro s o u re a O -a lk y lg u a n in e
i i i )
c h 2—  C
O
C H 2- o
p -  pro pio lactone
G uanine res idue COOH
CH
NH,
N - 7 -  C arboxye thy  Ig uan ine
i i)  A m inor D A B -b ind ing  pro te in  was iso la te d  by Ketterer e t a I .
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(1967) and was id e n tif ie d  as the h e pa tic  L igandin. L igand in  /
I
is  a lso  capable  o f b ind ing  p o ly c y c lic  hydrocarbons, n o ta b ly  / 
3 -m ethy lcho lan th rene  (S inger and L itw a c k , 1971).
i i i )  The b ind ing  o f arom atic  am ines or th e ir  m e tabo lite s  occurs w ith  
nuc lea r h is tone s  and a c id -s o lu b le  nuc lea r p ro te ins (Barry e t a i . ,  
1968; Jungmann and Schweppe, 1972).
iv) There are some p ro te ins in s k in , l iv e r  and transfo rm ab le  c e lls  
w h ich  are capab le  o f b in d in g , n o n -c o v a le n tly , p o ly c y c lic
C>i *
hydroca rbons. These p ro te ins are s im ila r ,  bu t not id e n tic a l,  
to  the c o rtic o s te ro id  b ind ing  p ro te ins o f mouse l iv e r  (H e ide lbe rge r, 
1974).
v ) 3 -M e th y lch o la n th re n e  b inds to a unique pro te in  o f ra t lung 
(Toft e t a_l. ,  1972). Th is  may be o f s ig n ific a n c e  as lung is 
the ta rge t organ fo r p o ly c y c lic  hydrocarbons.
v i)  The p r in c ip a l azopro te in  in ra t l iv e r  c y to s o l fo llo w in g  feed ing  
o f 3 '-M e -D A B  is re la t iv e ly  b as ic  and is  termed the s low  h^-S s  
azopro te in  (Sorof and Young, 1973).
A lthough no fu l l  answ er has come to  l ig h t regard ing w h ich  b ind ing  
o f the e le c tro p h ilic  agents is  the m ost im portant fo r ca rc inogenes is  
H e ide lbe rger (1964) and Tasserou et a j., (1970) have shown a co rre la tio n  
between the e x ten t o f the b ind ing  o f p o ly c y c lic  hydrocarbons to  the *h' 
p ro te ins o f mouse sk in  and tum our fo rm a tio n .
b) B inding to  P o lynuc leo tides
< ■
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The m ajor s ite  o f reac tion  w ith  many carc inogens e .g .  N itro sa m id e s , 
f i - p ro p rio la c to n e , a rom atic  am ines and n itrosam ines  is  the N -7  or C -8  o f 
gu an in e . H ow ever, under a v a r ie ty  o f c ircum stances many o the r s ite s  o f 
rea c tion  have been described  (B rookes, 1964; K riek et a_l., 1967;
L a w le y , 1966). These s ite s  inc lude  the N -3 and 0 -6  o f guan ine ,
the N - l ,  N -3 and N -7  o f adenine and N - l  o f c y to s in e .
W ith  a l l  m e th y la tin g  and e th y la tin g  agents s tu d ie d , the m a jo r product 
o f th e ir  rea c tion  w ith  DNA and RNA is  7 -a lky lg u a n in e  w h ich  u s u a lly  amounts 
to  70% -  90% o f the m e th y la tio n  (see F ig . 1 .8 ) .
W ith  a rom atic  am ines, e s p e c ia lly  AAF, the m ajor s ite  o f re a c tio n  is  
C -8  o f guanine (see Fig . 1 .8 ) .
The pow erfu l c y to to x ic ity  o f the b ifu n c tio n a l com pounds, su lphu r and 
n itrogen  m ustards and a lkanesu lphona tes  e .g .  m yleran, re su its  from the 
a b i l i t y  o f these compounds to  c ro s s - lin k  the strands o f the DNA double 
h e lix  and hence b lo ck  its  d u p lic a t io n . The c e ll  k i l l in g  e ffe c t o f th is  
type o f rea c tion  probab ly l im its  its  re levance  in ca rc in o g e n e s is .
The a b il i ty  o f some compounds to  a lk y la te  guanine at the 0 - 6  p o s itio n  
e .g .  N -m e th y l-N -n itro s o u re a  (see F ig . 1 .8 ) is  im portant b io lo g ic a lly  
because 0 -6  a lky lg u an in e  can pa ir w ith  thym ine ra the r than c y to s in e  and 
hence induce tra n s it io n  m u ta tions (L a w le y , 1972) .
So fa r  re ference has been made to  the p a rtic u la r reg ion  o r atom o f the 
bases o f DNA and RNA th a t are u t i l iz e d  in the b ind ing  o f ca rc in o g e n s .
I t  is  o f ve ry  g reat im portance aLso to  co ns ide r i f  any one p a rticu la r 
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m etab o lite  o f a chem ica l fa c i l i ta te s  greater or lesse r b ind ing  to  
c e llu la r  n u c le o p h ile s  and hence , on the b a s is -o f the som atic m uta tion  
theory , increase the p ro b a b ility  o f ca rc in o g e n e s is .
Th is  problem has rece ived  cons ide rab le  a tte n tio n  in the la s t few  years 
e s p e c ia lly  w ith  regard to  p o ly c y c lic  a rom atic  hydrocarbons whose 
m etabolism  is  v e ry  com plex due to  the a v a ila b i l i ty  o f a number o f p o te n tia l 
s ite s  o f oxygenation  (see F ig . 1 .9 ) .
The s truc tu re  -  ca rc inoge n ic  re la t io n s h ip  and b ind ing  a b il i ty  o f many 
o f these m e ta b o lite s  has been e x c e lle n t ly  rev iew ed by Sims and Grover 
(1974). A summary o f some o f th e ir  re s u lts  are shown in F ig . 1 .1 0 .
A lthough i t  is  not u n iv e rs a lly  a cce p te d ,it w ou ld  appear th a t the g rea te r 
the m e tabo lite  b inds to  DNA then the more m utagenic o r ca rc in o g e n ic  i t  is 
l ik e ly  to  be . Th is co rre la tio n  has been shown c le a r ly  w ith  benz(a)pyrene 
m e ta b o lite s  in mouse sk in  (Brookes and L a w le y , 1964) and w ith  va rio u s  
cu ltu red  mammalian c e lls  (Brookes and D uncan , 1971).
M os t w ork in th is  f ie ld  has been performed w ith  m e ta b o lite s  o f the 
,K I reg ion  due to  th e ir  g reater a v a ila b i l i ty  in a ra d io la b e lle d  fo rm . Th is 
is  un fortunate  s ince  hyd roxy la ted  m e ta b o lite s  o f p o ly c y c lic  hydrocarbons 
are fre q u e n tly  non ,K* reg ion  d e r iv a tiv e s  probab ly a ris in g  from epoxide  
precursors a lso  o f n o n 'K 1 reg ion  o r ig in . v
\
H u lbe rt (1975) has estim ated  the b ind iqg  o f d io l epoxide isom ers to  
DNA and has assessed th e ir  m u ta g e n ic ity  from th e o re tic a l e s tim a tio n  o f 
th e ir  chem ica l re a c t iv ity  w ith  n u c le o p h ile s . H is  re s u lts  a re , how eve r,
Figure 1 .9  Sites of metabolism on p o lycyc lic  hydrocarbons
Hydrocarbon Formula Metabolites Reference
Naphthalene
Dlhydrodloh
1,2
Phenols
1,2
(or 1 and 2)
Roy land et a L  , 1964 
Jerlna et a l M 1970a
Anthracene
8 9 1
5 10 4
1 ,2 ; 3 ,4 ; 9 ,1 0  1 ,2 ; 3 ,4 ; Boyland et a l . ,  1964
(1 ,2 ,3  and 4) Sims, 1970b
Benz(a )anthracene 1 ,2 ; 8 ,9; 5 ,6  1 ,2; 3 ,4 ;
(3 and 4)
Boyland et a L  , 1964 
Boyland & Sims, 1965 
Grover e ta  I . ,  1974
Chrysene 1 ,2 ; 3 ,4  1 ,2 ; 3 ,4 ; Sims,1970 (b)
(1 ,2 ,3  and 4)
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con tra ry  to  those ob ta ined  by N ew boldand Brookes (1976) on the m utagenesis o f 
✓
m ammalian c e lls  w ith  the same isom ers . As pointed out by Newbold 
th is  may be due to  the lo ca tio n  o f the g e ne tic  locus in th is  sys tem .
' R ecently  D ip p le  e t a l .  (1968) and Scribner (1969) have a ttem pted , us ing  
m o le cu la r o rb ita l th e o ry , to  p red ic t the ca rc in o g e n ic  p o te n tia l, a t leas t in 
p a rt, from a know ledge o f chem ica l s truc tu re  a lone , Scribner (1975) 
s ta tes  "So fa r no techn ique  fo r  p re d ic tio n  o f chem ica l re a c t iv ity  from 
m o le cu la r o rb ita l (or resonance theory) methods has exp la ined  s u c c e s s fu lly  
the re la t iv e  c a rc in o g e n ic ity  o f an extended series o f com pounds, except 
fo r  the brom om ethylbenz(a)anthracenes " . He goes on to  say th a t there  is  
c e r ta in ly  hope fo r  such a te ch n iq u e .
1 .6  THEORIES OF CARCINOGENESIS
Th is  to p ic  is  d i f f ic u lt  to  d is cu ss  in is o la tio n  as it  is  so c lo s e ly  
re la ted  to  the sec tions  on m etabolism  and the in te ra c tio n  o f the  u ltim a te  
ca rc inogens w ith  c e llu la r  n u c le o p h ile s .
The m ajor th eo rie s  o f ca rc inogenes is  fa l l  in to  the fo llo w in g  c a te g o rie s :-
a) Theory o f E p igene tic  M e ch an ism s .
b) Theory o f Somatic M u ta tio n .
c) V irus  Theory.
A number o f o the r theo ries  have been proposed. For exam ple the 
"T roph ic  Theory o f C ancer" o f Larianov (1955). He re la te s  the  process 
o f-ca rc in o g e ne s is  to  p ro longed, im paired c e ll n u tr it io n  du ring  the p re - 
tum ourous sta te  caused by va rio u s  harm fu l in flu e n ce s  w h ich  b ring  about 
a new type  o f m etabolism  in w h ich  anaerob ic re ac tions  p redom ina te .
A number o f w orkers support the p o ly a e tio lo g ic a l th e o ry  o f cancer 
and re je c t the concept o f a s p e c if ic  ca rc ino gen ic  p ro ce ss . To quote 
Petrov (1954), "We regard cancer and a l l  the so ca lle d  true  tum ours as 
a d y s tro p h ic , p ro life ra tiv e  rea c tion  o f the organism  to  harm fu l fa c to rs , 
both in te rn a l and e x te rn a l, w h ich  have p e rs is te n tly  in te rfe red  w ith  the 
com pos ition  and s truc tu re  o f t is s u e s  and c e lls  and a lte red  th e ir  m e ta b o lis m " . 
S im ila r po in ts  o f v ie w  have been expressed by Bryan (1960) and Southam 
(1963).
From the w ork  o f M ille ra n d  M il le r  (1947) and W e is t and H e ide lbe rge r (1953),
who dem onstrated b ind ing  o f azo dyes and p o ly c y c lic  hydrocarbons to  
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so lub le  p ro te in s , a the o ry  based on the p ro te in  re ac tions  and enzyme 
in a c t iv a tio n  was p o s tu la te d . Th is theo ry  was c a lle d  the "P rote in  D e le tio n  
Theory o f C a n c e r" .
Com ings (1973) has suggested th a t c e lls  con ta in  s tru c tu ra l genes 
capable o f coding fo r transfo rm ing  fa c to rs  w hich, are no rm a lly  
suppressed by s p e c if ic  re g u la to r genes. He d iscu ssed  fa c to rs  th a t may 
regu la te  these genes and suggested th a t the transfo rm ing  in fo rm a tion  may 
be in troduced exogen ous ly .
Th is theo ry  is  d if fe re n t from the "Oncogene Theory" proposed by H o lle y  
(1969) w h ich  s ta tes  th a t the e a rly  c ru c ia l change in the process o f m a lig n an t 
trans fo rm a tion  invo lve s  an a lte ra tio n  in the p roperties o f the c e ll surface 
membranes such th a t an increase in in tra c e llu la r  n u tr ie n ts  th a t regu la te  
c e lt  g row th and d iv is io n .
Temin (1974) has theo rized  on w ays in w h ich  genes fo r n e op la s ia  may 
o rig in a te  in e vo lu tio n  in oncogen ic  v iru s e s  and in  ch e m ic a lly  transfo rm ed 
c e l ls .
a) The E p igene tic  Theory
Th is theo ry  o f ca rc inogenes is  is  concerned not w ith  changes in the 
in te g r ity  o f the  g e n e tic  in fo rm a tion  present in the c e ll but ra the r w ith  the 
exp ress ion  o f th is  in fo rm a tio n . Th is theo ry  has evo lved because o f the 
in te ra c tio n  between u ltim a te  carc inogens and p ro te in  or R N A 's. The
V
mechanism  is based on m odels o f c e llu la r  d if fe re n t ia t io n  in  w h ich  no n - 
genom ic changes lead to  pseudo-perm anent changes in the tra n s c r ip t io n  
o f the DNA genom e. The proposed mechanism  is the rep ress ion  or d e - 
repression  o f the syn th e s is  o f ce rta in  g e ne tic  sequences. Th is  theo ry  
accoun ts fo r  the large numbers o f fo e ta l an tigens and fo e ta l isoenzym e 
patte rns observed in tum ours o r ig in a tin g  in m ost t is s u e s . The occurence 
o f these o nco foe ta l an tigens is  d iscu sse d  in g rea ter d e ta il in  the  fo llo w in g  
s e c t io n s . •
Th is  theo ry  can a lso  encompass some o f the o ther th e o rie s  so fa r  
d iscu sse d  s ince  the e ffe c ts  may inc lude  the derepress ion  o f p ro te in  syn th e s is  
by in tegra ted  v iru s  genomes and oncogenes or the p re fe re n tia l p ro life ra tio n  
o f p re v io u s ly  e x is t in g , though rep ressed , p reneop las tic  o r n e o p la s tic  c e l ls .
Such e p ig e n e tic  m echanism s cou ld  a lso  ac t by a ffe c tin g  the defence 
m echanism s o f the hos t e .g .  the horm onal ba lance or immune c a p a c ity , 
thus g iv in g  a p ro life ra tiv e  advantage to  the n e o p la s tic  c e l ls .
Th is theo ry  has the strong support o f Pierce and W a lla ce  (1971) who em phasise 
th a t oncogenesis  can be considered to  re s u lt from abnorm al d if fe re n t ia t io n , 
where d if fe re n t ia t io n  is  a perpetua l process th a t does not in vo lve  a m u ta tion  
o f the  D NA, but ra the r an a lte ra tio n  o f gene e xp re ss io n s .
P ito t and H e ide lbe rger (1963) have proposed m odels based on the 
Jacob-M onod th eo ry  to  show th a t perpetuated changes can re s u lt from a 
s in g le  in te ra c tio n  o f a carcinogen w ith  a repressor p ro te in .
b) The Somatic M u ta tio n  Theory
The c a p a c ity  o f cancer c e ils  to  m u lt ip ly  ou ts ide  the g ro w th -re g u la tio n  
system  o f the organism  over an in d e fin ite  number o f c e ll genera tions led 
Boveri (1914) to  propose h is  th eo ry  th a t cancer c e l ls ,  a r is in g  e ith e r 
spontaneously  o r fo llo w in g  in d u c tio n , re s u lt from a som atic  m u ta tio n .
Th is theo ry  im p lie s  th a t cancer is  a consequence o f DNA m o d if ic a tio n , 
a lthough  a t th a t tim e  the nature o f the  g e n e tic  m a te ria l”was unknow n.
Th is  th eo ry  was a lso  put fo rw ard by Bauer (1928).
S u rp ris in g ly  a fte r the e lu c id a tio n  o f the  s truc tu re  and fu n c tio n  o f DNA 
in the 19 50‘ s , the som atic  m uta tion  th eo ry  lo s t favour because a t th a t 
tim e  w orkers were unable to  e ffe c t a m u ta tion  o f bac te ria  w ith  w e ll known 
ca rc inogens in the usua l te s t sys tem s, and were unable to  dem onstra te  
b ind ing  o f these carc inogens w ith  D NA. These fa ilu re s  are now e xp la ined  
by the la c k  o f a c tiv a tin g  enzyme system s in the m ic ro -o rgan ism s used in  
the te s ts .
As d iscussed  in sec tion  1 .5  a great dea l o f ev idence now e x is ts  fo r  
the in te ra c tio n  o f carc inogens w ith  D NA. S ince , how ever, i t  is  no t the 
o n ly  n u c le o p h ile  to  w h ich  the ca rc inogens b ind i t  was necessa ry  fo r the  
re s u lta n t m u ta tions  and th e ir  re la t io n s h ip  w ith  tum our fo rm ation  to  be 
proven before th is  th eo ry  cou ld  become a ccep ted .
E arly  s tud ies  on th is  theme (see re v ie w  by B urdette , 1955), revea led  
l i t t le  o r no c o rre la tio n  between m utagen ic and ca rc ino gen ic  p rope rties  o f a 
number o f compounds la rg e ly  because o f p ra c tic a l d i f f ic u l t ie s .  M ore re ce n t
s tud ies  have shown th a t such a c o rre la tio n  does e x is t ,  a lthough  there  are 
some compounds w h ich  are anom alous. The mutagens 5-brom o and 5 - 
iodod e oxyu rid in e , hydroxy lam ine and its  N -carbam yl and N -a c e ty l 
d e r iv a tiv e s  have not been shown to  be ca rc inog en ic  in a number o f te s ts ,  
(P o tte r, 1965; M i l le r  and M i l le r ,, 1971).
. \
The genera l mechanism by w h ich  ca rc inogens exert th e ir  m utagen ic 
a c t iv ity  is  not c le a r ly  understood but i t  has been shown th a t che m ica l 
ca rc inogens are capab le  o f producing tra n s it io n , d e le tio n  and frame s h if t  
m u ta tions  (C orbe tt et a d ., 1970; Ames et a j..', 1972; Fahmy and Fahm y, 1972).
W hen cons ide ring  the in te ra c tio n s  o f carc inogens w ith  c e llu la r  DNA 
i t  is  im portant to  cons ide r th a t the a v a ila b i l i ty  o f DNA fo r b in d ing  may v a ry  
th roughout the c e ll c yc le  and th a t much o f the damage to  the  DNA need ' — 
no t be m an ifes t due to  lack  o f tra n s c r ip t io n  or to  DNA re p a ir  m echan ism s.
DNA Repair
The les ion s  so fa r  observed in DNA damage can be a sso c ia te d  w ith  
a) a lte red  bases (Setlow  and S e tlow , 1972); b) s ing le  o r doub le  strand 
breaks in the h e lix  (Le tt e t a l . ,  1970; C orry and C o le , 1968); c) depurina ted  
DNA (Verly et a l . ,  1973); d) D N A -p ro te in  c ro s s - lin k s  (H abazin  and H an, 
1970); and e) c ro s s - lin k s  w ith in  the DNA m o lecu le  (Sm ith , 1966). The 
p a rtic u la r  le s io n  somehow s ig n a ls  the s p e c if ic  enzyme system  re sp o n s ib le  
fo r  its  re p a ir . In  th e ir  re v ie w  Trosko and Chu (1975) s ta te  th a t a number 
o f re p a ir system s have been de tected  in mammalian s p e c ie s .
A p h o to re ac tiva ting  re p a ir enzyme system occurs  where py rim id in e  
d im ers produced by UV lig h t o f w ave leng th  200 -  300 nm are m onom erized .
fo llo w in g  exposure o f the damaged c e lls  to  ra d ia tio n  o f 310 -  440 nm 
(C leaver and P a in te r, 1968). T h is  procedure was found not to  e x is t in 
ce rta in  mammalian 'in  v i t r o 1 c e l l  system s in c lu d in g  those from human 
tis su e  (Trosko and Iso u n , 1970).
D ark re p a ir -e x c is io n  enzym es, the 'cu t .patch1 system appears 
to  be a fa ir ly  u n ive rsa l mechanism  (Edenberg and H ana w a lt, 1972). I t  
w ou ld  appear th a t th is  re p a ir system recogn ises the damaged DNA, makes 
in i t ia l  in c is io n s  in to  the s tra nd , e xc ise s  the les ion  a long w ith  v a r ia b le  
leng ths  o f undamaged p o ly n u c le o tid e , re po lym erizes the removed p o ly ­
n u c le o tid e  reg ion  and re - in s e r ts  the  new reg ion  in to  the DNA s tra n d .
A lthough th is  e x c is io n  re p a ir  system  appears to  fu n c tio n  in an 'e rro r f re e 1 
manner w ith  regard to  m uta tion  f ix a t io n  in b a c te ria  (W itk in , 1969), th is  
has not as ye t been e s tab lish e d  fo r  mammalian c e lls .
Routh (1967) has proposed the presence o f p o s t- re p lic a t io n  re p a ir 
syn th e s is  from s tud ies  in vo lv in g  ca ffe in e  in h ib it io n  o f DNA re p a ir  and is  
thought to  be d if fe re n t to  the post re p lic a tio n  or recom binant re p a ir  m echanism  
in b a c te r ia l system s (Rupp and H o w a rd -F la n d e rs , 1968). The know ledge  o f 
th is  mechanism  is ,  how ever, ve ry  l im ite d .
O ther m echanism s o f DNA re p a ir have been postu la ted  and have been 
rev iew ed by T rosko  and Chu (1975).
c) V irus  Theory
The great in te re s t in the in te rre la tio n s h ip  o f v iru s e s  and v ir a l  genomes 
w ith  ca rc inogenes is  occurs not o n ly  .from  a m e ch a n is tic  po in t o f v ie w
but a lso  from the p ra c tic a l a sp e c t. The id e n tif ic a tio n  o f a s p e c if ic  
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oncogen ic  v iru s  may lead to  the developm ent o f p reven tive  v a c c in a tio n  
or to  im m unotherapy o f the  tum our induced by i t .
The concept o f the v ir a l  o r ig in  o f tum ours developed by Borrel (1907) 
was based c irc u m s ta n tia lly  on the p ro life ra tiv e  a c tio n  o f some v iru se s  
on t is s u e s . The f i r s t  experim enta l ev idence o f v ira l- in d u c e d  tum ours 
w as ob ta ined  by EHerman and Bang (1908) on fo w l le u ko s is  and by Rous 
(1910) w ith  sarcomata in c h ic k e n s . Further d is co ve rie s  were the ra b b it 
pap illom a v iru s  (Shope, 1937), the B ittn e r v iru s  (B ittn e r, 1945) and the 
c a p a c ity  o f DNA v iru s e s  to  produce tum ours , e .g .  the polyoma v iru s  
(W e il,  1962). The d isco ve ry  o f reverse tra n sc rip ta se  1 .e .  R N A -d irected  
DNA po lym erase, in RNA v iru s e s  (Tem in, 1970; B a ltim o re , 1970) led to  
the e lu c id a tio n  o f the mechanism  by w h ich  RNA v iru se s  can induce tum our 
p roduction  (Tem in, 1972). W hereas the a sso c ia tio n  o f v iru s e s  w ith  ce rta in  
m a lignancies is  unden iab le  th e y  are c e r ta in ly  not a u n iv e rs a l fa c to r in 
ca rc ino genes is  and fo r th is  reason cannot be considered above as a 
u n ify in g  mechanism o f ca rc in o g e n e s is .
In  co n d itio n s  in w h ich  v iru s e s  do p lay a p a rt, th e ir  ro le  may be 
considered  as a re la t iv e ly  sim ple  one when looked a t s u p e r f ic ia lly .
The v iru s  ca rries  a gene o r group o f genes w h ic h , when in tegra ted  in to  the 
hos t c e ll genom e, transfo rm s the c e ll  in to  a n e o p la s tic  o r p re ne o p la s tic  
c e l l ,  depending upon w hether or no t the v ir a l  gene is  tra n sc rib e d  a t th a t 
tim e . The fu l l  e xp lana tion  is ,  how ever, much more com p lica ted  than th is  
and has been rev iew ed e x te n s iv e ly  (D u lbecco , 1973; Z ilb e r , 1968;
Tem in, 1974).
In  a l l  these theo rie s  a number o f fa c to rs  appear to  be co n s is te n t:
1 . That there  is  a t Least a tw o -s ta g e  process in v o lv e d , in it ia t io n  
and prom otion .
"  2 . B inding o f the u ltim a te  carc inogen to  a c e llu la r  m acrom olecule
is  necessa ry  fo r in i t ia t io n .
3 . E ffec ts  on the genes occu r w h ich  u lt im a te ly  re s u lt in ca rc in o g e n e s is . 
The d iffe re n ce s  between th e o rie s  a rise  when cons ide ring  w h ich  o f the 
n u c le o p h ile s  is  the c r i t ic a l ta rg e t, w he ther the ge ne tic  e ffe c t is  a t a 
g e n o ty ic  o r pheno typ ic  Level, and the o r ig in  o f the genes im p lica te d  in the 
s ys te m .
1 .7  BIOCHEMICAL MARKERS FOR TUMOURS
Due to  the ve ry  great increase in the number and v a r ie ty  o f 
xe n o b io tic  chem ica ls  to w h ich  popu la tions are exposed, and the proven 
harm fu l e ffe c ts  o f many o f these to  humans and a n im a ls , much s tr ic te r  
le g is la t iv e  procedures have to  be fu l f i l le d  before the p o s s ib i l i ty  o f 
I harm fu l exposure can be lim ite d . M any o f .the newLy syn thes ised  
chem ica ls  w i l l  o n ly  be used in ve ry  Limited c ircum stances e .g .  in te rm ed ia tes 
in  chem ica l syn th e s is  and hence v e ry  few  people may be exposed to  them . 
Even so i t  is im portan t th a t the hazards are known and the re fo re  su ita b le  
p recautions can be ta k e n , and a lso  b e n e f it - r is k  ra tio s  can be o b je c t iv e ly  
eva lu a te d .
I t  is becoming in c re a s in g ly  expensive  and tim e consum ing to  te s t 
a l l  these  chem ica ls  fo r  ca rc inog en ic  a c t iv ity  by the life t im e  exposures 
in  a number o f spec ies w h ich  is s t i l l  a t present the standard te s tin g  
procedure . There has th e re fo re , been great in te re s t in the  past decade or 
so in the search fo r su ita b le  screening or sh o rt-te rm  te s tin g  procedures 
fo r  ca rc inog ens . A survey o f such procedures is  d iscussed  in chapte r 4 .
One o f the m ajor f ie ld s  o f in te re s t in th is  area o f research  has been 
the search fo r b ioch e m ica l o r b io lo g ic a l m arkers o f tum our de ve lopm en t.
A number o f exam ples o f m arkers observed in u rine  and plasma o f p a tien ts  
w ith  ce rta in  common forms o f cancer are shown in  F ig . 1 .11 (see re v ie w  
by N e v ille  and C ooper, 1976). The m ajor research  has , how eve r, been
Figure
A .
B.
/
.11 Some plasma a n d /o r u rin a ry  m arker substances o f po te n tia l 
va lue  in m on ito ring  common forms o f c a n c e r.
Tum our-derived  products 
O nco foe ta l an tigens 
O ther tum our an tigens 
Hormones 
M ilk  p ro te ins 
Polyam ines 
N uc leos ides  
Paraprote ins
Tum our-derived  products and assoc ia te d  changes 
Enzymes
T um our-associa ted  changes 
Plasma pro te ins 
U rin a ry  hydroxy pro lin e
Taken from N e v ille  and Cooper (1976)
centred on the onco foe ta l a n tig e n s .
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O nco foe ta l Antigens
" Th is is  the term g iven  to  those pro te ins w h ich  are found du ring  fo e ta l 
developm ent and in e a rly  p o s t-n a ta l pe rio d s . The leve ls  then decrease 
sha rp ly  or become absent during  a d u lt l ife  but reappear in q u a n tit ie s  equal 
to  or in excess o f those in fo e ta l l ife  i f  a tum our o f the pro te in  syn th e s is in g  
or another,organ d e ve lo p s . A number o f such an tigens are shown in F ig . l  .12 .
O nco foe ta l p ro te ins have been rev iew ed ..by Laurence and N e v ille  (1972), 
N e v il le  and Cooper (1976), C ostanza et ad. (1974), Baldw in (1972), H ira i 
and A l pert (1975) and Bagshawe (1974).
In  a d d itio n  to  the so lub le  o n co foe ta l an tigens w h ich  can be observed in 
the plasma or urine there  are tum our s p e c if ic  an tigens w h ich  appear to  be 
t ig h t ly  bound to  o r even in tegra ted  w ith  the c e ll  membrane o f tum our c e l ls .
The occurence and ro le  o f these an tigens in tum our im m unology have been 
rev iew ed by Ba ldw in  (1973) and Baldw in  et a l .  (1974), and is d iscu sse d  
in cha pter 3 .1 .
The occurence o f the o n co foe ta l an tigens has g iven  r is e  to  a number 
o f q u e s tio n s :-
i) How does the presence o f these an tigens re f le c t on the o v e ra ll 
ro le  o f ca rc in o g e ne s is?
li)  Can a measure o f production o f these p ro te ins be u t i l iz e d  as a 
screen fo r tum our occu ren ce , lo c a tio n , c la s s if ic a t io n ,  fo r p ro g n o s is , o r 
as a gu ide to  the e ff ic ie n c y  o f trea tm en ts?
F igure 1 .12 Examples o f o nco foe ta l an tigens
Foeta l an tigen F oeta l o r ig in Tumour a sso c ia tio n
F oe ta l c a rb o xy lic  
ac id  esterase
Embryonic b ra in  
(mouse)
Experim enta l te ra tocarc lnom a 
(mouse)
C arc inoem bryon ic
an tigen
F oe ta l g a s tro ­
in te s tin a l tra c t
Carcinom a o f G . I .  t ra c t ,  
pancreas, lung , and g a ll b ladder
Human p lacen ta l 
lac togen
T rophob las tic  c e lls  
in la te  pregnancy
Carcinom a o f bronchus
P lacen ta l a lk a lin e  
phosphatase 
(Regan isoenzym e)
P lacenta Carcinom a o f bronchus
a^ foe top ro te in Foe ta l l iv e r  and 
y o lk  sac
Prim ary hepatom a, teratom a 
and carcinom a o f G . I .  t ra c t
a 2 H -fo e to p ro te in Foe ta l l iv e r Hepatom a, cho lang ioca rc inom a 
and lymphoma
£ s -fo e to p ro te in Foe ta l liv e r H epatocarc inom a, g a s tr ic  
ca rc inom a , cho lang ioca rc inom a 
leukaem ia and lymphoma
Foeta l su lphog lyco- 
p ro te in  an tigen
G a s tro in te s tin a l 
tra c t e s p e c ia lly  
stom ach
G a s tr ic  carcinom a
Leukaem ia assoc ia ted  V arious 
an tigens
Leukaem ia (va rious form s)
Taken from Laurence and N e v ille  (1972)
i i i )  Can th e ir  p roduction  be used in the deveiopm ent o f sho rt-te rm
✓
screening system s fo r chem ica l ca rc inogens?
iv) Can an tibo d ies  a ga ins t these pro te ins be u t il iz e d  as a method 
o f trea tm ent fo r tumours ?
v) Are these p ro te ins respons ib le  in w ho le  o r in part fo r s tim u la tin g  
the im m uno log ica l response o f the host and can th is  response be m od ified  
in any w ay by the o nco fo e ta l an tigens?
v) Is  the production  o f these  on co fo e ta l an tigens the cause o f 
subsequent tumours or are th e y  produced as a re s u lt o f the  tum our?
The cu rren t sta te  o f answers to  these questions  is  in chapte r 6 .
In  o rder to  try  and increase the know ledge o f the ca rc in o g e n ic  mechanism  
and to  attem pt to  answ er some o f the above ques tio ns ,resea rch  was carried  
ou t on a lpha fo e top ro te in  production  in  va rio u s  ca rc in ogen ic  s itu a tio n s  and 
the fin d in g s  co rre la ted  w ith  a number o f o ther parameters c lo s e ly  re la ted  
w ith  chem ica l ca rc in o g e n e s is .
CHAPTER TWO
DEVELOPMENT OF A RADIOIMMUNOASSAY 
FOR ALPHAFOETOPROTEIN
I lM 'l 'K U J J U U X lU lM
2 .1  PROPERTIES OF ALPHAFOETOPROTEIN
Im m unochem ical techn iques in v o lv in g  the production o f an antiserum  
ag a in s t fo e ta l sera and c ro s s -re a c tiv ity  s tud ies  w ith  a du lt serum have 
shown th a t a number o f an tibo d ies  have remained un reac ted . These 
a n tibo d ies  subsequen tly  reacted w ith  p ro te ins present in fo e ta l sera and 
the an tigens must be fo e ta l s p e c if ic .  D epending upon the an im a l spec ies 
used/such  absorbed an tise ra  have shown the presence o f one or more 
fo e ta l s p e c if ic  components in the fo e ta l se ra .
The f i r s t  o f these p ro te in s , fe tu in , was id e n tif ie d  in c a lf  serum by 
Pederson (1944). Bergstrand and C zar (1956, 1957) iso la te d  embryo 
s p e c if ic  p ro te ins w ith  an e le c tro p h o re tic  m o b ility  s im ila r  to  th a t o f the 
g lo b u lin s . Since then s tud ies  have shown the presence o f fo e ta l s p e c if ic  
p ro te ins in e ighteen an im al spec ies (G it l in  and Boesman, 1966, 1967a, 
1967b; M aso pu s t, 1971).
One o f these  p ro te ins observed in many o f the species has an e le c tro ­
phore tic  m o b ility  o f an g lo b u lin  and is  re ferred to  as a lp h a ^ fo e top ro te in  
(AFP).
In  1963 Abelev observed the production  o f AFP in a d u lt m ice w ith  
hepatomas and s ince  then many w orkers have observed AFP in a s s o c ia tio n  
w ith  prim ary hepatomas in a number o f species (A be lev, 1968; A lp e r te t ja l. 
1968; H u ll et a l.  , 1969; Purves et a_l. , 1968).
The p u r if ic a tio n  o f human and ra t AFP and th e ir  b iochem ica l 
ch a ra c te riza tio n  has been performed by N is h i and H ira i (1970), K irsch  
e t a i .  (1967), R uos lah ti and Seppala (1971, 1974) and Purves et aU  (1970). 
Some Im portant parameters are summarized in F ig s . 2 .1  and 2 .2 .  The 
amino ac id  com pos ition  o f the a lbum ins and the AFP's are ve ry  s im ila r  
(F ig . 2 .2 ) and recen t w ork has dem onstrated hom ogeneity in ce rta in  areas 
o f the po lypep tide  (R uoslahti and T e rry , 1976). The s im ila r ity  in a l l  
p h ys ico -ch e m ica l parameters o f the  tw o p ro te ins presents great d if f ic u lt ie s  
in the p u r if ic a tio n  o f AFP and the p r in c ip a l methods used are based on 
im m uno log ica l p re c ip ita tio n  te c h n iq u e s . A scheme o f the method used 
by N is h i and H ira i (1970), is  shown in F ig . 2 .9 .
W ork by Luria et. cd. (1972) on AFP in 10 human fo e ta l serum sam ples 
and 9 samples from pa tien ts  w ith  prim ary hepatoma showed the presence 
o f a s low  m ig ra ting  AFP, a n tig e n ic a lly  d is t in c t  from fo e ta l AFP and AFP 
encountered in hepatom as. Two o f the cases o f hepatoma conta ined both 
form s o f AFP. Th is suggested an Im portant he te rogene ity  o f the AFP 
m o le cu le s . Two forms o f AFP have a lso  been observed by Benassayag 
e t a l .  (1975) and W atabe (1974) in  a sc ite s  tum our-bearing  ra ts  but i t  is  
probable th a t the an im als used were de rived  from the same s to c k , i . e .  
those o f P rofessor H ira i o f Sapporo, Japan. W atabe (1974) was unable 
to  observe any he te rogene ity  from AFP de rived  from mouse fo e tu s e s .
The tw o forms o f AFP may be com p le te ly  d if fe re n t p ro te ins co n ta in in g  
a reg ion  o f p a rtia l c ro ss -re  a c t iv ity  to  the a n tis e ra . * The m o n o s p e c if ic ity  
o f the antiserum  was tes ted  by im m unoe lectrophoretic  techn iques and 
shown to  possess one p re c ip itin  lin e  w ith  fo e ta l se ra . Due to  the low  
s e n s it iv ity  o f such techn iques i t  is  poss ib le  th a t an tibo d ies  to  o th e r fo e ta l
Figure 2.1^ C hem ica l C om position  o f AFP (%)
Human AFP Rat AFP Human
He patoma Foetus He patoma Album in
N itrogen 14 .9 14.7 13 .1 16 .0
Sulphur 1 .8 1 .7 2 .0 1 .5
C arbohydrate 3 .4 5.3 0 .08
Mannose 0.68
G a lactose 0.49
G lucosam ine 0.89
S ia lic  ac id 1 .3
Some P hys icochem ica l properties o f AFP
Human AFP Rat AFP Human
Hepatoma Foetus He patoma A lbum in
Sedim entation 
C onstan t S^q / W a
4 .50 4 .50 4 .7 6 4 . 6
D if fu s io n  ^ 
C onstan t E ^ o 7 ^
- 6 .18 5 .68 6.1
P a rtia l S p ec ific  
Volume V ^ q0
0.726- 0.726 0.726 0.733
M o le c u la r W e igh t - 64,600 75,100 69,000
Is o e le c tr ic  po in t p i 4 .7 4 .7 4 . 7 , 5 . 0 4 .9
E, 1% (278 nm) 1 cm 5.26 5.30 4 .27 5 .8
a , n-13 b , n- 7  2 -1  c . d TT10 sec 10 cm sec m l/g  pH
Taken from H ira i and M iy a ji  (1973)
Figure 2 . 2 ^  Com parison o f the amino ac id  com pos ition  o f human 
a lpha fo e top ro te in  and a lbum ins
Amino Acid HSA BSA RSA F eta l AFP Hepatoma AFP Rat Hepatoma 
AFP
ASP 15 54 49 42 44 60
THR 24 34 31 38 34 33
GLU 79 78 77 92 101 103
PRO 26 30 29 2 5 23 32
ALA 62 46 48 49 50 58
CYS 37 36 31 28 31 34
VAL 41 36 33 31 34 27
MET 6 4 6 6 7 14
-LEU 60 62 63 58 54 66
TYR 17 20 22 17 17 16
PHE 30 27 23 28 28 25
LYS 62 62 50 48 46 54
HIS 16 17 14 17 16 21
ARG 24 22 23 20 21 23
TRY 1 2 1 n . d . n . d . 1
I  LEU 8 14 13 33 29 31
SER 19 26 23 33 39 38
GLY 12 - - 26 27 31
Data from N is h i (1971) and H ira i (1973) reported as re s id u e s /m o le  o f p ro te in
pro te ins were produced and th a t these a n tibo d ies  w ould o n ly  show a c t iv ity  
i f  s u ff ic ie n t an tigen were p resen t. A number o f fo e ta l p ro te ins o ther than 
AFP are produced by tum ours in comparable concen tra tions  and i t  may be 
one o f these th a t e x h ib its  the observed he te rogene ic  fo rm s.
2 .2  FOETAL PRODUCTION OF AFP
The tis s u e s  re sp ons ib le  fo r  the p roduction  o f em bryonic AFP are the 
y o lk  sa c , the l iv e r  and, in sm a ll am ounts, the g a s tro in te s tin a l tra c t, (S e ll and 
S ke lly , 1976). L u ria  (1969) has shown th a t organ cu ltu res  o f mouse em bryon ic 
liv e r  syn thes ize  AFP, a lbum in and tra n s fe rr in  and th a t these  are secreted 
in to  the cu ltu re  medium over 2 - 3  w e e ks . S e ll and S ke lly  (1975) have 
a lso  dem onstrated the b io syn th e s is  o f a number o f p ro te ins  in c lu d in g  AFP 
by fo e ta l ra t hepatocyte  c u ltu re s . G it l in  e t a_l.(1967a) e s ta b lish e d  the 
presence o f AFP in em bryonic l iv e r  parenchyma and the y o lk  sac by immuno­
flu o re s c e n c e . Th is was confirm ed by Engelhardt et a_L (1969) who a lso  
noted the concurren t absence o f AFP from the l iv e r  haem opo ie tic  c e l ls ,  b ile  
duc ts  and Kupffer c e l ls .  E ry th ro b la s tic  lo c a liz a t io n  h a s , how eve r, been 
dem onstrated by D ufour e t a i .  (1969), a lthough  no data w as g ive n  on the 
lo c a liz a t io n  o f AFP in h e pa tocy te s .
The re s u lts  o f Kanai et a L  (1974) suggest th a t fc>etal AFP is  produced 
by membrane-bound polysom es o f the syn th e s iz in g  tis s u e s  as is  the  AFP 
o f a sc ite s  hepatoma c e lls  from a d u lt,  male ra ts .
• The dynam ics o f AFP p roduction  during  on togenesis  is  rev iew ed in 
g reat d e ta il by Abelev (1971) and i t  w i l l  s u ffic e  to  say here th a t an in i t ia l  
increase in AFP syn th e s is  occurs during  the e a rly  stages o f fo e ta l 
deve lopm en t. In  human embryos syn th es is  increases from about 4 weeks 
o f g e s ta tio n  to  a maximum le v e l a t about 16 w eeks w h ich  p la teaus fo r a 
short w h ile  then d e c lin e s  and d isappears  sh o rtly  a fte r p a r tu r it io n . In  
sp ite  o f the d iffe re n ce s  in periods o f ges ta tio n  i t  w ould appear th a t o ther 
spec ies  e .g .  ra t and m ouse, show s im ila r  c h a ra c te r is t ic s . Seppaia (1976) 
has rev iew ed the fa c to rs  m o d ify in g  the syn th es is  o f fo e ta l AFP. Koga et a l.  
j (1974) have concluded th a t th is  syn th e s is  and its  cessa tion  in  deve lop ing  
mouse l iv e r  is  regu la ted  a t the le v e l o f mRNA a lthough  the re g u la tio n  stage 
may invo lve  tra n s c r ip t io n , tra n sp o rta tio n  or m atu ra tion  o f the mRNA.
W ork by Tum yanet ad. (1975) in d ica te s  the presence o f fa c to rs  capable o f 
suppressing AFP syn th e s is  in neonata l m ice . These fa c to rs  may a c t a t the 
mRNA le v e l.
2 .3 PHYSIOLOGICAL FUNCTION OF AFP
The p h y s io lo g ic a l fu n c tio n  has n o t, as y e t,  been fu l ly  e lu c id a te d  but , 
s ince  AFP appears to  be rep laced  by a lbum in in  the a d u lt / it  may perform the 
fu n c tio n  o f a lbum in in em bryonic l i f e .
U r ie l e t a l .  (1972) e s ta b lish e d  th a t AFP w as capable o f b ind ing  
o e s tra d io l and oestrone but not te s to s te ro n e . S tud ies by Swartz e t a l .  
(1974) es tab lish e d  th a t ra t fo e ta l AFP bound oestrone and 17 3 o e s tra d io l
s tro n g ly  whereas o e s tr io l,  6-k e to e s tra d io l,  17°< -o e s tra d io l and tes tos te rone
were not bound to  any s ig n if ic a n t e x te n t. The Ka fo r the 17 3 oestradioL
8 — 1 ob ind ing  w as 2 .6 x  10 M a t 4 C . Two heterogene ic  forms o f AFP possess
d iffe re n t a sso c ia tio n  constan ts  and numbers o f b in d ing  s ite s  fo r 17 3 -o e s tra d io l
(Benassayag e t a j.. 1975). The s low  m ig ra tin g  fra c tio n  o f AFP possessed
8 —10 .7  -  0 .9  b ind ing  s ite s  per m o lecu le  (Ka, 0 .2  x  10 M  ) w hereas the fa s t
m ig ra ting  fra c tio n  has a v e ry  low  number o f b ind ing  s ite s  0.1  per m o lecu le  
8 —1(Ka 0 .7  x  10 M  ) .  Th is b in d ing  property may in d ica te  an a lb u m in - lik e  
tra n sp o rt fu n c tio n  but the evidence a t present is  m in im a l.
Slade (1973, 1974) and M iz e je w s k i (1976) have shown th a t a n tib o d ie s  
to  ra b b it AFP in je c te d  in to  pregnant ra b b its  produce fo e ta l m o r ta lity .  Th is 
in d ica te s  th a t AFP is e s s e n tia l fo r fo e ta l e x is te n c e , a lthough  no e xp la n a tion  
fo r  the  cause o f death  w as g iv e n .
2 .4  OCCURRENCE OF AFP IN  LIVER DISORDERS
Since Abelev et a L  (1963) dem onstrated th a t one o f the hepatoma s p e c if ic  
an tigens was im m u n o log ica lly  id e n tic a l to  AFP, the re la t io n s h ip  between 
AFP and prim ary l iv e r  cancer has been observed many tim es (R uos lah ti e t a l . ,  
1972; Sm ith , 1970; A lpe rt et a l . , 1971; Abelev et a l . , 1971; Leb lanc 
e ta j . . ,  1973; Kohn and W eave r, 1974; Vogel e t a l.  ,■ 1974; W o o d fie ld  et a I . ,  
1974), and has been e x c e lle n t ly  rev iew ed by H ira i and M iy a j i  (1973).
Khasanov et a_l. (1971) de tected  ra ise d  AFP le ve ls  in p a tie n ts  found to
deve lop  hepatomas in la te r ye a rs , th is  has not been observed by Purves e t a l.  
(1973). The percentage o f A FP -positive  hepatomas decreases as the 
p a tien ts  get o ld e r (M awas et a d . , 1970, 1971; Bagshawe and Parker, 1970). 
These observa tions  cou ld  be a co n tr ib u tin g  fa c to r to the geog raph ica l 
v a r ia t io n s  in the percentage o f hepatomas producing AFP (H u ll e t a l . , 1970) 
s ince  the areas possessing  the h ig h e s t inc idence  o f A F P -p o s itive  hepatomas 
are known to  have pa tien ts  deve lop ing  hepatomas on average 30 years 
younger tha f*the  o ther areas s tu d ie d .
No rep rod uc ib le  observa tions  have been made between the degree o f 
d if fe re n t ia t io n  o f tum ours and th e ir  c a p a c ity  to produce AFP (Abelev and Bakirov, 
1967; G la z e r e ta l . , 1974; F o l ie ta U  , 1969; OConor e t a j. . , 1970), a lthough  
in  the s tudy o f Purves et ad. (1970) a n a p la s tic  tum ours produced less  AFP.
AFP can be produced in hepatomas induced e xp e rim e n ta lly  e ith e r by 
tra n sp la n ta tio n  o f tum our c e lls  in to  ra ts  (W atanabe e t a l . , 1975; S e ll 
e ta _ l. ,  1974) or by ce rta in  chem ica l compounds (Kroes et a l . , 1973 , 1975; 
O k ita e ta J , . ,  1974; C a u c h ie t a L ,  1974; Becker and S e ll, 1974; Becker 
e ta l . , '1 9 7 5 ;  Dempo et a l . ,  1975). AFP production has a lso  been 
dem onstrated in cases o f secondary cancer o f the l iv e r  (R uos lah ti e t a_ l., 
1972). U s ing  techn iques such as im m unod iffus ion  i t  appeared th a t the 
p roduction  o f AFP in a d u lt l iv e r  was s p e c if ic  fo r prim ary hepatoma but 
w ith  the advent o f more se n s it iv e  techn iques th is  was found no t to  be the  
c a se . Abe lev (1971) found th a t 23 ou t o f 176 cases o f serum and in fe c tiv e  
h e p a tit is  had increased serum le ve ls  o f AFP but no increase was found in 
54 c ir rh o tic  p a tie n ts . Ta ta rinov (1970) and M a ss iu ke v ich  (1970) observed
tra n s ito ry  increases in serum AFP in a sm a ll percentage o f pa tien ts  w ith  
Botkin  d isease  and c ir rh o s is . S im ila r tra n s ito ry  increases were noted in 
cases o f c ir rh o s is  by D elm ont et aj_. (1 9 7 4 ),R uos lah ti e t a l .  (1974) and 
Bloomer et a_l. (1975). D elm ont e t a_l. (1974) found a co rre la tio n  between 
the le v e l o f AFP and the presence o f h e p a tit is  B v iru s  but S ilve r e t a l .  (1974) 
observed no such c o rre la tio n . Bloomer et a l . (1975) (see F ig . 2 .3 ) fo u n d  
increased serum AFP le v e ls  in some cases o f in a c tiv e  p o s tn e c ro tic  c ir rh o s is , 
prim ary b i l ia ry  c ir rh o s is , b i l ia ry  tra c t o b s tru c tio n  and a lc o h o lic  l iv e r  d is e a s e . 
An increased serum AFP was observed in a lc o h o lic  h e p a tit is  (M eshkim pour e t a l .
! 1974) and no gross evidence o f tum our was observed on post m ortem . An 
increase in serum AFP was observed by De Nechaud and U r ie l (1971) a fte r  carbon 
te tra ch lo rid e  po ison ing  o f young ra ts ; th is  w as not observed in o ld e r ra ts .
2 .5  AFP AND NON-HEPATIC DISORDERS
Since AFP is  produced by the G . I .  tra c t and yo lk  sac i t  is  not 
su rp ris in g  to  fin d  th a t p a th o lo g ica l co n d itio n s  o f these organs o r organs 
de rive d  from them a lso  re s u lt in  an increased p roduction  o f AFP (G rigor 
e t a l . ,  1975; M c ln tire  e t a l . , 1975; N e v ille  and C ooper, 1976)
(see F ig . 2 .3 ) .  The h is to g e n e tic -e m b ryo lo g ic  b as is  fo r the reappearance 
of-AFP in tum ours o f these organs has been d iscu sse d  by Te ilum  et ad. (1975).
Lau and L in k in s  (1976) ca tegorized  the uses o f AFP m easurement du ring  
pregnancy accord ing  to  the du ra tion  o f the pregnancy and th e ir  fin d in g s  
are summarized in F ig . 2 .4 .
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and N o n -N e o p la s tic  d iso rde rs
% Inc idence  o f increased AFP
89
25
24
15
5
7
86
N o n -N e o p la s tic
„ E xtrahepatic  b i l ia ry  o b s tru c tio n  
due to cancer o f pancreas o r
common b ile  duc t 15
B ilia ry  o b s tru c tio n  due to
c h o le d o c h o lith ia s is  9
Prim ary b il ia ry  c ir rh o s is  6
A lc o h o lic  c ir rh o s is  14
A lc o h o lic  fa t ty  l iv e r  0
A lc o h o lic  h e p a tit is  15
C hron ic a c tive  h e p a tit is  37
Drug h e p a tit is  . 2 8
V ira l h e p a tit is  2 8 - 5 2
U lc e ra tiv e  c o l i t is  16
C rohn 's  d isease  7
Taken from N e v ille  and Cooper (1976); and Bloomer et a l .  (1975)
D iso rd e r
N eo p la s tic
Carcinom a o f : -  
L ive r
B ilia ry  Tract
Pancreas
Stomach
Colorectum
Lung
M a lig n a n t te ra
Figure 2 .4 ' U ses o f AFP measurement during  pregnancy
Early pregnancy
To p red ic t the outcome o f threatened abortion  
To s ign a l a b lig h te d  ovum v s .  g row ing  foe tus 
To se le c t cases o f incom petent c e rv ix  fo r surgery 
To d iffe re n tia te  between mole and norm al pregnancy
Later pregnancy
D e te c t fo e ta l d is tre s s
M o n ito r m aternal co m p lica tio n s  e .g .  toxa.em ia, d iabe tes  and 
Rh im m uniza tion
- Screen fo r tw in s
D e te c t neura l tube de fec ts
M o n ito r fo r  o the r b ir th  de fec ts
A ssess u te rine  b leed ing
P red ic t (unexpected) s t i l lb i r th
D e te c t cancer in pregnancy
Assess g e s ta tio n a l age
Taken from Lau and L in k in s  (1976)
2 .6  MEASUREMENT OF AFP
M uch o f the co n tra d ic to ry  data concern ing AFP le v e ls  in d isease  is 
due to  the v a r ie ty  o f te ch n iq u e s , many q u a lita t iv e , w h ich  have been used 
to  determ ine th is  p ro te in .
The e a r lie s t techn ique  used to  id e n tify  AFP was g e l- im m u n o p re c ip ita tio n  
(Abelev et a L  ,1963; Leblanc et ad. ,1973). In  o rd e rto  increase the percentage 
o f hepatomas in w h ich  AFP cou ld  be. de tected  more s e n s it iv e  tech n iq ues  
were developed in c lu d in g  aggregate haem agg lu tina tion  (Abelev e t a I . ,
1971a^ im m unoautoradiography (Abelev et ad. ,  1971b) and counter-im m uno 
e le c trop h o re s is  (A lpert e t a l . , 1971) .
-M uch g rea ter s e n s it iv i ty  became a v a ila b le  w ith  the deve lopm ent o f 
rad io im m unoassay (R uoslahti and SeppSla, 1971; S e ll and G ord , 1972; 
W aldm ann and M c ln t ire , 1974; D elm ont e t a d . , 1974; M a sse ye ff e t ad. ,  
1973; Purves and Purves, 1972). Refinem ents were developed by Pecec 
and V o icu le tz  (1974) us ing  s o lid  phase system s and an a n tib o d y  sandw ich  
te ch n iq u e , and by M a io lin i and M a sse ye ff (1975) us ing  an enzym e-labe lled  
a n tibo d y  in a sandw ich  method o f enzym oim m unoassay. A new te c h n iq u e , 
ra d io e le c tro co m p le x in g , uses an e le c tr ic  cu rren t as an a id  to  form the 
immune com plex and separates th is  from excess unbound reagents (S iza re t, 
1974).
2 .7  THEORY OF RADIOIMMUNOASSAY
RIA Is one form o f d isp la cem en t o r sa tu ra tion  a n a ly s is  and its  
re la t io n s h ip  to  o ther forms o f these techn iques is  shown in F ig . 2 .5  and 
can d if fe r  from them in a number o f w a y s ;-
i) The b ind ing  in RIA m ust be th a t o f an a n tig e n -a n tib o d y  lin k  
whereas o ther m ethods, e .g .  co m p e titive  p ro te in  a ssa ys , 
make use o f s p e c if ic  b ind ing  properties o f p ro te in s , e .g .  
c o r tic o s te ro id -b in d in g  g lo b u lin s  (Hsu and B ledsoe, 1970), fo r 
o ther p ro te in s , s te ro ids  or horm ones.
ii)  RIA requ ires  a ra d io la b e lle d  a n tig e n , whereas o ther te ch n iq ues  
use o ther forms o f labe l e .g .  an enzyme (M a io lin i and 
M a s s e y e ff, 1975).
RIA was f i r s t  developed by Yalow  and Berson (1959) to  measure in s u lin  
and by Ekins (1960) to  measure th y ro x in e , and has s ince  been used to  
measure p ro te in s , s te ro id s , drugs and sim ple  m o lecu les (see re v ie w s  by 
S ke lle y  et a l . , 1973 and O d e ll and D oughaday, 1971). The b a s ic  th e o rie s  
and p rac tice  o f RIA have been g re a tly  re fined  and made much more 
m a th e m a tica lly  com plex (O de ll and D oughaday, 1971; Berson and Y a low ,
1968; Ze ttner, 1973; E k in s , 1974).
In  the s im p le s t case the e s s e n tia l requirem ents fo r an RIA in c lu d e  a 
ra d io a c tiv e ly  lab e lle d  a n tig e n , a pure form o f the an tigen as standard s o lu t io n ,
-5 7 -
Figure 2 .5" To illu s tra te  the re la tio n s h ip s  between va rio u s  assay techn iques
S atura tion  (D isp lacem ent) A n a lys is
An assay dependent on the com pe tition  o f two 
form s o f the same m o lecu le  fo r re a c tive  s ite s  
on a second m o lecu le  o f lesse r concen tra tion
Assays in w h ich  s p e c if ic ity  
is  not due to  b ind ing  
p roperties o f a p ro te in
R ad io -ligand  b ind ing  assay
An assay in vo lv in g  a p ro te in  o r non­
pro te in  ch e la tin g  agent in  w h ich  the 
ligand used is  a ra d io a c tiv e  tra ce r
C om pe titive  pro te in  b in d ing  a n a ly s is
An assay in  w h ich  s p e c if ic ity  is  dependent 
upon the sp e c ia lise d  b in d ing  p roperties  
o f a p ro te in
Radioim m unoassay and 
immunorad iom etry
In  w h ich  the prote in  
is  an an tibody
Radioenzym ic assay
In  w h ich  the pro te in  
is  an enzyme
Receptor s ite  assays
In  w h ich  the p ro te in  
is  a m em brane:- e ,g . 
C e ll membrane
Taken from M idge ly  and N isw ender (1970)
a n o n -c ro ss re a c tin g  an tibo d y  and a method fo r separating the a n tib o d y - 
bound form from free a n tig e n .
As can be seen in F ig . 2 .6 RIA e x p lo its  the a b il i ty  o f an u n la b e lle d  
an tigen  to  compete w ith  a fixe d  amount o f ra d io a c tiv e iy - la b e lie d  an tigen  
fo r  a lim ite d  number o f s p e c if ic  an tibody  s ite s .  C ond itions  are chosen 
such th a t there  is  a re la t iv e  excess o f la b e lle d  an tigen and, as the amount 
o f u n la b e lle d  an tigen  in c re a se s , the amount o f an tibody-bound  la b e lle d  
antigen(B) decreases , and the re s t rem ains free o r unbound (F ). The 
m easurement o f the ra tio  o f la b e lle d  an tigen  found in the an tibody-bound  
o r free  fra c tio n s  o f the re fe rence standards is  p lo tted  a g a in s t the concen­
tra tio n  o f the  u n labe lle d  s tandard , and the graph used fo r com parison o f 
the te s ts .  The re la t io n s h ip  between the ra tio  B/F and the concen tra tion  
o f the  standard is  described  by the curve PQR (F ig . 2 .7 ) w h ich  a t its  upper 
end approaches an asym ptote STU o f s lope - k ,  the  a f f in i ty  cons tan t o f the 
a n tig e n -a n tib o d y  b in d in g .
In  se ttin g  up an RIA i t  is  im portant to  note th a t the g re a tes t s e n s it iv ity
i . e .  the g rea tes t change in B/F occu rs  where the an tigen co n cen tra tio n  
is  sm a ll compared w ith  the fix e d  a n tibod y  concen tra tion  (F ig . 2 .7 ) .  Changes 
in  k  a lso  m arked ly  a ffe c ts  the s e n s it iv i ty  o f the  a ssa y , s ince  compounds 
re a c tin g  w ith  d if fe re n t energy le v e ls  w i l l  produce d if fe re n t d ilu t io n  curves 
th a t are n e ith e r superim posable nor p a ra lle l when p lo tted  on a lo g a rith m ic  
s c a le .
M id g le y  et a j.. (1969) have proposed fou r g ra ph ica l m ethods fo r  the 
a n a ly s is  o f RIA data one o f w h ich  produces a s tra ig h t lin e  from the  curve
F igure 2 .6  I l lu s tra t io n  o f the  com peting reac tion s  o f RIA
Labe lled  Antigen
*
Ag
(Free)
S p e c ific  A n tibody  Labe lled  A ntigen -
A n tibody  Com plex
Ab
lim ite d  q u a n tity
Ag -  Ab 
(Bound)
U n la b e lle d  
Antigen
Ag
v
Ag -  Ab + Ag
Ag
Free excess lab e lle d  
an tigen
U n la b e lle d
a n tig e n -a n tib o d y
com plex
Free excess 
u n la be lle d  an tigen
Adapted from O d e ll and Daughaday (1971)
Figure 2 .7  ReLation between a^d concen tra tion  o f hormone
B/F
U
C oncen tra tion  o f hormone 
Taken from J .T . Potts Jr. et a L  (1967)
by p lo ttin g  the lo g it  o f the  response v a ria b le  ve rsus log do se .
S
The p roduction  o f an antiserum  o f su ita b le  a f f in i ty  and t i t re  is  one o f 
the m ain d if f ic u lt ie s  in se ttin g  up an RIA and its  p roduction  is  a ffe c ted  by 
a number o f c r ite r ia  such as the im m unogen ic ity  o f the an tigen  and the 
use o f an a d ju va n t. No s ing le  im m un iza tion  regim en can be sa id  to  be 
id e a l but a number o f d if fe re n t schedu les and the use o f ad juvan ts  have 
been rev iew ed  (Robinson, 1975).
I t  is  im portant in RIA developm ent fo r a h ig h ly  p u rif ie d  an tigen  in a 
rad io  lab e lle d  form to  be produced w h ich  possesses the same im m uno log ica l 
re a c t iv ity  as the u n ia b e lie d  a n tig e n . M o s t po lypep tide  and p ro te in  
an tigens  con ta in  at le a s t one ty ro s in e  res idue  w h ich  can be e a s ily  
la b e lle d  w i t h ^ ^ l ]  o r f v and th is  is  the re fo re  a common method o f 
.labe lling  such a n tig e n s . f ^ l ] i s  g e n e ra lly  preferred because o f its  longer 
h a l f - l i f e ,  its  low er gamma energy and its  low er p o te n tia l fo r  a u to -d e s tru c tio n  
o f the  an tigen  due to  the absence o f 3-e m is s io n s . S ix m ethods have been 
described  fo r the  in tro du c tio n  o f ra d io a c tive  iod ine  in to  m o lecu les  w ith  
re s u lt in g  h igh  s p e c if ic  a c t iv it ie s .  These a re :-
a) Iod ine  m onoch loride  (Samols and W il l ia m s , 1961)
b) C h lo ram ine -T  (Hunter and G reenwood, 1962; G reenw ood, H unter and
G lo v e r, 1963)
c) The e le c tro ly t ic  method (Rosa et a_l., 1964)
d) Enzym ic io d in a tio n  (M a rc h a lo n is , 1969)
e) C on juga tion  la b e llin g  (Bolton and H un te r, 19.72)
f) H ypo ch lo rite  (Redshaw and Lynch , 1974)
The ch lo ram ine -T  and enzym ic m ethods were used in the io d in a tio n  
o f AFP in th is  s tu d y .
RIA requ ires  a su ita b le  method fo r the com plete and rap id  separation 
o f the free and bound fra c tio n s  and a large number o f methods have been 
employed (F ig . 2 .8 ) .  The use o f so many d if fe re n t methods is  due in 
part to  the d if fe re n t p h ys ica l and chem ica l p roperties o f the lab e lle d  
an tigen  or a n tib o d y . In  assess ing  and se le c tin g  a separa tion  techn ique  
it  is  necessa ry  th a t i t  should f u l f i l  ce rta in  c r i te r ia : -
a) Com plete separa tion  o f bound and free fra c tio n s  w ith  a w ide  m argin 
fo r  e r ro r .
b) Rapid sepa ra tion , not a llo w in g  any fu rth e r a sso c ia tio n  o r d is s o c ia tio n  
o f the com ponents, e s p e c ia lly  in d is e q u ilib r iu m  a ssa ys .
c) S im p le , q u ick  and inexpens ive  /  us ing re a d ily  a v a ila b le  re a ge n ts .
Any method la ck in g  p ra c t ic a b il i ty  n u ll i f ie s  the m a jo r p o te n tia l o f th is  
form o f assay -  th a t o f large sample c a p a c ity .
d) P re ferab ly  not a ffe c ted  by plasma or serum . F a ilu re  to  meet th is
requirem ent may cause d if f ic u lt ie s  in s ta n d a rd iza tion  w h ich  may not be 
•*
overcome by e q u a liz in g  the concen tra tion  o f serum or plasma in a l l  tu b e s .
Since sa tu ra tion  assay methods e s s e n t ia lly  re ly  on the com parison o f 
an unknown concen tra tion  o f the ligand in the system w ith  concen tra tio ns  
o f the same ligand in a set o f s tanda rds , incuba tion  m ix tu res  co n ta in in g  
unknown and standard substances should be id e n tic a l in a l l  respec ts  o the r 
than in  the con cen tra tion  o f the ligand  w h ich  th e y  each c o n ta in . In  
p rac tice  th is  is  im poss ib le  to  ach ieve  and n o n -s p e c if ic  e ffe c ts  w i l l  
In e v ita b ly  a r is e . The aim in RIA is there fo re  to  l im it  n o n -s p e c if ic  b ind ing  
and attem pt to assure its  constancy between tu b e s . To ach ieve  th is , tubes 
are set up w h ich  are id e n tic a l to  the te s ts  and standards w ith  the  o m iss ion  
o f a n tis e ra . Counts found in the bound fra c tio n  o f these tubes are
Figure 2 .8  Some o f the  methods used fo r separa ting  bound from free tra ce r
Type o f Separation S p e c ific  m e th o d /
m a te ria l used
Reference
D if fe re n t ia l m ig ra tion  
o f bound and free 
fra c tio n s :
M ig ra tio n  caused by 
d iffe re n ce  in charge
M ig ra tio n  caused by 
m o lecu la r w e igh t 
d iffe re nce
Paper chrom atography 
C hrom atoe lectro  phoresis 
E lec trophores is  on 
s ta rch  ge l 
W ic k  chrom atography
G el f i l t r a t io n
Berson, Y a low , Bauman, 
R o thsch ild  & N ew erly  
(1956)
H unter & Greenwood (1964) 
O rskov (1967)
C hao, Karam & G rodsky 
(1965)
A dsorp tion  m ethods: 
Free fra c tio n Coated charcoa l 
S ilic a te s  (Q uso, ta lcum  
powder) 
A n ion-exchange  re s in
H erbe rt, Lau, G o tt lie b  & 
B le iche r (1965)
R o sse lin , A ssan , Y a low  & 
Berson (1966)
Lazarus & Young (1966)
F ra c tio n a l p re c ip ita tio n  
o f bound fra c tio n  us ing :
O rgan ic so lven t 
Salt
E tha n o l-N a C l 
Ethanol 
D ioxan
Sodium su lphate  
Ammonium su lphate
O d e ll,  W ilb u r  & Paul (1965) 
Heding (1966)
Thomas & Perin (1968)
G rodsky & Forsham (1960) 
C hard , M a rtin  & Landon 
(1971)
Im m uno log ica l 
p re c ip ita tio n  o f bound 
fra c tio n  (d o u b le -a n ti­
body method)
P re c ip ita tio n  a fte r 
f i r s t  an tibody  
incu ba tion  
P re Incubation  o f f i r s t  
and second an tibody 
p rio r to  assay 
Second a n tibo dy  lin ked  
to  s o lid  m a trix
M organ & Lazarow  (1962)
H ales & Randle (1963)
den H o lla nd e r <Sc Schuurs 
(1971)
S o lid -phase  m ethods: 
F irs t an tibod y
Antigen
A n tib od y -co a te d  d is c s  
and tubes 
A n tibody  linked  to  
f in e ly  d iv id e d  so lid  
phase
C att & Tregear (1967) 
W ide  Sc.Porath (1966)
M ile s  & H ales (1968)
Taken from Robinson (1975)
a ttr ib u te d  to  n o n -s p e c if ic  b ind ing  and are sub tracted  from the bound counts 
o f te s ts  o r standards p rio r to  e v a lu a tio n . N o n -s p e c if ic  b ind ing  may be 
due to the b ind ing  o f labe l to  v e s s e l w a lls  or pro te in  in te s t so lu tio n  (other 
than the s p e c if ic  an tibody) or the n o n -s p e c if ic ity  o f the separa tion  te c h n iq u e .
METHODS
2 .8  RAISING OF ANTI-AFP
To produce an tibo d ies  o f su ita b le  q u a lit ie s  fo r  a s e n s it iv e  AFP assay 
the system s and dos ing  regim ens shown in Table 2 .1  were in v e s tig a te d .
In  system s where fo e ta l ra t serum o r ra t am n io tic  f lu id  are used the f lu id s  
were ob ta ined from W is ta r  A lb ino  ra ts  between 16 — 18 days o f g e s ta tio n .
A ll dos ing  system s produced a n tibo d ies  w h ich  reacted irr im u n o lo g ica lly
w ith  an tigens in fo e ta l serum in im m uno-e lec tropho re tic  and RIA sys te m s.
System 4 produced an tibo d ies  o f h ighe r t i t r e  than ob ta ined by the  o ther
system s (up to  3 .4 x  10 in the RIA system used). The a f f in i ty  constan ts
obta ined by system s 2 , 3  and 4 d id  not d if fe r  and were in the range 
8 -15 .0  x  10 L .M .  , system  1 a n tib o d ies  possessed a f f in i ty  cons tan ts  in 
7 - 1the range 1 x 1 0  L .M .  . A f f in i ty  constan ts  were assessed by m o d ified  
Scatchard p lo ts  (Albano and E k in s , 1970).
2 .9  PURIFICATION OF RAT AFP
AFP and its  corresponding a n tibo dy  were p u rifie d  from ra t fo e ta l serum 
and am n io tic  f lu id  by the method o f N is h i and H ira i (1970) (see F ig .2 .9 ) ,  
and produced o n ly  one p re c ip ita tio n  band in im m unoe lectrophores is  w ith  
heterogeneous an tibody  and an tigen  re s p e c tiv e ly .
I t  must be noted th a t m o n o s p e c ific ity  as observed by im m unoe lec tro -
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Pooled Foe ta l Sera Im m un iza tion  o f Rabbits Rabbit a n t i- ra t  fo e ta l-------------------------------------------------
from ra ts  pro te in  a n tibod ies
M a le  a d u lt ra t 
sera
A n tibod ies  to 
fo e ta l s p e c if ic  p ro te in +
A du lt p ro te in  -  an tibody  
to  a d u lt p ro te in  com plex
ce n tr ifu g e , 
d isca rd  p re c ip ita te
4'
A n tibod ies  to  fo e ta l s p e c if ic  pro te in
\K
P rec ip ita te
w ash 3 tim es w ith  0 .15  M  NaCL, 
d is s o lv e  in 0 .1  M  g ly c in e  H C l b u ffe r, 
y  pH 1 .8 ,  c e n tr ifu g e , d isca rd  p re c ip ita te  
Supernatant
ra t fo e ta l sera
vy
A n tig e n -a n tib o d y  com plex
stand 1 h , ce n tr ifu g e , 
d isca rd  supernatant
n e u tra lise  to  pH 7 .0 ,  
stand 60 m in , ce n trifu ge  
d isca rd  supernatant
A n tig e n -a n tib o d y  p re c ip ita te
equal vo lum e o f 0 .1  M  g ly c in e  HG l 
b u ffe r , pH 1 .8
v
G el f i l t r a t io n  on Sephadex G -150 co lum n 2 . 6 x 9 5  cm 
e q u ilib ra te d  w ith  the same bu ffe r; e lu tio n  at 20 m l/h .
5 m l fra c tio n s  c o lle c te d  and n e u tra lize d  w ith  0 .4  M  Na HPO.Z fz
The q u a n tity  o f pro te in  AFP and antl-AFP were q u an tita ted  both  by t i t r e  
and q u a n tita t iv e ly  as m g /m l p ro te in  by the s e n s it iv e  F o lin  reagent m o d if ic a tio n  
o f the b iu re t te s t as described  by Low ry (19 51).
Taken from H ira i and M iy a ji  (1973)
phoresis does not guarantee th a t m o n o s p e c ific ity  w i l l  s t i l l  be observed 
in the much more se n s it iv e  techn ique  o f RIA.
For g rea te r speed and ease o f p u r if ic a tio n  o f AFP and its  a n tib o d ie s , 
s o lid  phase im m unoadsorbents were prepared o f a d u lt male ra t serum, 
a n t i- ra t  AFP, and sera from ra ts  bearing transp lan ted  hepatom as. The 
scheme o f p u r if ic a tio n  is  shown in F ig . 2 .1 0 .
A number o f s o lid  phase im m unoadsorbents were compared fo r th e ir  
ease o f p ro duc tion , percentage o f bound pro te in  and ease o f adsorp tion  
'and e lu t io n .
The f i r s t  immunoadsorbent prepared was th a t o f an tigen (s) or a n tibody  
coupled to  a so lid  phase o f C N B r-a c tiva ted  Sepharose 4B. The co va le n t 
b ind ing  o f p ro te ins to  po lysaccha rides  by cyanogen brom ide and o rgan ic  
cyanates occurs w ith  the fo rm ation  o f c y c lic  im idocarbonate  groups 
between the po lysaccharide  and cyanogen bromide and these are the re a c tive  
groups in the subsequent re a c tion s  w ith  p ro te ins o r o ther am ino compounds 
(Ahrgren e t a I . ,  1972).
The method used was as fo l lo w s :-
. C N B r-ac tiva te d  Sepharose 4B was ob ta ined from Pharmacia F ine 
C h e m ica ls . In the form purchased the sepharose is  s ta b iliz e d  by the 
a d d itio n  o f dextran  and la c to s e . These a d d itiv e s  were washed aw ay at 
low  pH (pH 2 -3 ) before coup ling  the des ired  p ro te in .
Gel (1 g) was sw o llen  and washed fo r 15 min on a g la ss  f i l t e r  w ith  
-3
10 M  HC1 (200 ml) and stored in 0 .1  M  T ris  H C l b u ffe r, pH 8 . 6 .
r  ty uie: ^ . iu  scneme or adsorp tion  o t non AFP an tibod ies  from a n t i- ra t  
fo e ta l sera
A n ti- ra t fo e ta l 
sera
Solid  phase 
a d u lt male 
ra t sera
N on-an ti-A FP  
a n tibod ies  
(not adsorbed)
ty
Antibod ies 
rea c ting  w ith  
a d u lt ra t serum 
prote in s 
(adsorbed)
< r
A n tibod ies  reac ting  
w ith  fo e ta l s p e c if ic  
p ro te ins
ty
Solid  phase sera 
from m ale ra ts  
bearing  AFP- 
producing hepatoma
ty
e lu ted  w ith  
b u ffe r pH 2 .8  
and n e u tra lize d  
im m ed ia te ly
M o n o sp e c ific
anti-AFP
Scheme o f p u r if ic a tio n  o f AFP
Foeta l ra t sera 
M a te rna l ra t sera 
A m n io tic  f lu id
Sera from AFP-producing 
tum our bearing ra t
So lid  phase
m on ospec ific
anti-AFP
Non-AFP pro te ins  
(not adsorbed)
-> Pure AFP e lu ted  w ith  
bu ffe r pH 2 . 8 and 
ne u tra lize d  im m ed ia te ly
L yo p h ilise d  ra t a lph a foe top ro te in  (200 y g) was re co n s titu te d  w ith  
100 y i  0.1  M  N aC l; 2 0 yg was kep t fo r  p ro te in  d e te rm in a tio n . The 
rem ainder was d ilu te d  to  3 m l in 0 .1  M  T ris  HCL b u ffe r, pH 8 . 6 , co n ta in ing  
0 .5  M  N a C l. R econstitu ted  g e l (0 .4  g) was added to  the pro te in  and 
m ixed end on end a t 4° C fo r 24 h . The ge l was a llow ed  to  s e ttle  and 
the supernatant removed and te s te d  fo r p ro te in . The g e l was washed w ith  
50 m l o f bu ffe r on a g la ss  f i l t e r .  1M e th a n o la m in e , pH 8 .0 ,  w as added to 
the ge l and m ixed fo r 2 h to  n e u tra lize  any rem ain ing  a c tive  g roups.
Three c y c le s  o f w ashes w ith  0 .1  M  a c e tic  ac id  sodium ace ta te  b u ffe r, 
pH 4 .0 ,  co n ta in in g  0 .1  M  N aC l fo llo w e d  by a w ash w ith  0 .1  M  borate 
b u ffe r , pH 8 .0 , con ta in in g  1 M  N aC l • removed any
n o n -c o v a le n tly  bound p ro te in . The immunoadsorbent was stored at 4 ° C 
in coup ling  b u ffe r .
By an id e n tic a l procedure 6 3 .8  mg anti-AFP  sera was c o v a le n tly  lin ked  
to  the a c tiva te d  sepharose.
From pro te in  assays the coup ling  procedure was found to  b ind 80% 
o f the  AFP and 72% o f the anti-AFP s e ra .
The Sepharose de rived  so lid  phase is porous and i t  was thought th a t 
be tte r immunoad sorbent properties m igh t be ob ta ined  w ith  a non-porous 
soLid phase in a f lo c c u la r  suspension as used by M ile s  and H ales (1968, 
1969), G urv ich  and Kuzovleva (1957, 1959, 1961 , 1964). For the b in d ing  
o f p ro te in  to  c e llu lo s e  m -n itro b e n zy lo xym e th y l pyrid in ium  c h lo r id e  was 
used w h ich  reac ts  e n e rg e tic a lly  w ith  c e llu lo s e  to  form a n it ro c e llu lo s e  
d e r iv a t iv e . Reduction to  an amino c e llu lo s e  was fo llo w e d  by d ia z o tiz a tio n  
and coup ling  o f the pro te in  (see F ig . 2 .1 1 ) .
Figure 2 .11  Preparation o f a m in o -c e llu lo s e  and coup ling  o f p ro te in
C e llu lo s e
powder
.NO,
/
N+CH2 o  c h C l
(m- n itro be n zy loxym e th y l pyrid in ium  ch lo rid e )
Heat 125 C
v ro,
C e llu lo s e -0 -C H 2- 0 - C H 2
Na2S20 4 50° -  6 0 °C
V .NH,
C e llu lo s e -0 -C H 2- 0 - C H 2 (Am in o -c e llu lo s e )
Re p re c ip ita te  from am m onical cu p ric  hyd rox ide  
so lu tio n  to  g ive  suspension o f a m in o -c e llu lo s e
h n o 2 0 C
+
C e llu lo s e -0 -C H 2 - 0 - C H 2
,N = N C l
Prote in  0 C 
24 hrs
V
C e llu lo s e -0 -C H 20 -C H 2
VN = N -P ro te in
(Immunoadsorbent)
The method used was as fo l lo w s :-
m -N itro b e n zy lo xym e th y lp y rid in iu m  ch lo rid e  (1 .4g) (B .D .H .)  and 
0 . 5g anhydrous sodium aceta te  were d is so lve d  in 20 ml 90% (v /v )  e thano l 
and poured into a p e tr i d is h .  C e llu lo se  powder, 10g, (C .C . 31 Whatman) 
w as added and the m ixed suspension d ried  at 80° C and then heated to  
12 5° C fo r  40 m in . Under these  co n d itio n s  the res idue  o f the s a lt enters 
in to  firm  chem ica l com b ina tion  w ith  the c e llu lo s e . The re s u lta n t powder 
w as washed w ith  benzene (3 x  200 m l) on a Buchner fu n n e l, a ir  d r ie d , and 
washed w ith  d is t i l le d  w a te r (5 1).
The m o is t cake o f m -n itro b e n z y lo x y m e th y lc e ilu lo s e  was added to  20%
sodium h yd rosu lp h ite  so lu tio n  (150 m l) and heated to  60° C fo r 30 m in to
reduce the n itro  g roups . The a m in o -c e llu lo s e  d e riv a tiv e  was washed by
c e n tr ifu g a tio n  fou r tim es w ith  30% a c e tic  ac id  and fiv e  tim es w ith  d is t i l le d  
w a te r to  remove hydrogen s u lp h id e . The product was d ried  in a
des-sicator and the cream -co loured  powder stored under vacuum in a
d e s s ic a to r a t 4 ° C .
In  order to  ob ta in  a large number o f am ino groups fo r d ia z o tiz a tio n  
and an even sedim ent w ith  l i t t le  trapp ing  o f non c h e m ic a lly  bound p ro te in , 
a suspension o f f lo c c u la r  a m in o -c e llu lo s e  was prepared im m ed ia te ly  p rio r 
to  d ia z o t iz a t io n .
A pprox im a te ly  5 g copper su lphate  was d is so lve d  in w a te r and 
approx im a te ly  2 .5  g o f sodium hydrox ide  in 75 m l d is t i l le d  w a te r added 
and the suspension o f cup ric  hydrox ide  washed in a Buchner funne l under 
gen tle  suc tion  w ith  d is t i l le d  w a te r (2 I ) . The p re c ip ita te  was d is s o lv e d  
in  am m onia, 5 g 0 .8 8 0 , (100 m l) w ith  s t ir r in g . Sucrose (0 .33  g) and
am ino -ce  Liu Lose powder (1 g) were added s lo w ly  to  the cuprammonium 
hydroxide,^ s tirre d  fo r 30 m in and the volum e made up to  a pp ro x im a te ly  
400m l w ith d is t i l le d  w a te r. 10% (v/v) su lphu ric  acid  was added untiL a paLe 
b lue  co lou r was obta ined and f lo c c u la tio n  o ccu rre d . The p re c ip ita te  was 
washed fiv e  tim es  w ith  d is t i l le d  w a te r and fin a lLy  suspended in d is t i l le d  
w a te r a t a con cen tra tion  o f 10 mg/mL (assuming th a t there had been no 
losses) and used w ith in  24 h .
The d ia z o tiz a tio n  and coup ling  o f pro te in  was carried  out a t 0 -  3 ° C .
2 N H yd ro ch lo ric  ac id  (50 m l) was added to the suspension o f the  am ino - 
ce Liu lose d e riv a tio n  (2 5 m l) -  a s lig h t Ly p ink co lo u r was o b se rve d .
1% sodium n it r ite  (2 m l) was added -  the p ink co lo u r d isappeared -  and the 
suspension  le ft fo r 30 m in . So lid  urea was then added to  remove excess 
n itro u s  ac id  as de tected  by s ta rch  iod ide  paper.
The d iazon ium  s a lt was washed in a re fr ige ra ted  cen trifu ge  a t 2 ,000  
re v /m in  w ith  ic e -c o ld  d is t i l le d  w a te r fo llo w e d  by a fu rthe r w ash in C la rk  
and Lubbs 0 .2 M  borate b u ffe r, pH 8 .0  -  8 . 6 , and the p roduc t suspended 
in  the same bu ffe r (20 -  25 m g /m l) . The presence o f the  d iazon ium  s a lt 
was confirm ed in a spot te s t by fo rm ation  o f the b rig h t orange azo dye 
w ith  3 -n a p h th o l.
The p ro te in  to  be coup led  to  the d iazon ium  s a lt was added ( 1 : 1 ,  w /w ) ,  
m ixed and Left a t 4° C in the dark fo r  48 -  72 h w ith  o cca s io n a l m ix in g .
The a d d itio n  o f g ly c in e  (1 g) and a fu rth e r incuba tion  at 4 °  C in the  dark 
ne u tra lize d  any unreacted d iazon ium  groups. N o n -c o v a le n tly  bound 
pro te in  was removed by w ash ing  the im m unoadsorbent 10 tim es  w ith  0 .0 4  M 
phosphate b u ffe r, pH 7 .4 ,  con ta in in g  0 .15  M  sodium ch lo rid e  by c e n tr i-
fu g a tio n . The immunoad sorbent was washed three tim es in 0 .1  M ve ro na l 
b u ffe r , pH ^8 .0 , con ta in in g  0 .5  g% bovine  serum a lbum in and f in a l ly  
suspended in the same b u ffe r (29 m g/m i) and stored at 4° C in the d a rk .
By the above method ra b b it and ra t AFP was coupled to  c e llu lo s e  w ith  
a b ind ing  e ff ic ie n c y  o f 76% w h ich  was comparable w ith  the b ind ing  o f the 
a n tibo d ies  to  the C N B r-a c tiva te d  sepharose.
2 .1 0  THE PRODUCTION OFL L AFP[125il
Reagents
0 .3  M  Phosphate b u ffe r pH 7 .5
Sodium m e ta b isu lp h ite  2 .4  m g /m l bu ffe r
C hloram ine T 8.8  m g /m l b u ffe r
Potassium  iod ide  10 m g /m l bu ffe r
Sephadex G -50 colum n (20 x  1 cm) e q u ilib ra te d  w ith  b u ffe r 
co n ta in in g  20 mg bovine serum a lb u m in /m l.
Sodium M  iod ide  5 m C i/5 0 |a l
P rote in  to  be Labelled 1 mg in 2 y I b u ffe r .
The method o f io d in a tio n  was b a s ic a lly  th a t o f Hunter and Greenwood
(1962) in w h ich  the ch loram ine T o x id iz e s  the M :  The sodium m e ta b i-
[12 5 I 125l|b a c k  to  iodide?, and prevents the
io d in a tio n  o f c a rr ie r pro te in  added Later. The separa tion  o f 2 ^ - la b e l le d
pro te in  from and o the r low  m o le cu la r w e ig h t reac tan ts  is  performed
on a sm all Sephadex G -50 colum n e q u ilib ra te d  w ith  b u ffe r co n ta in in g  bovine
g la ss  w a lls  o f the co lum n.
To the io d in a tio n  v ia l  was added:
12 5"Na ’ 10ju I = 1 m C i
Prote in  Sol~ 1 0 j * l = 5 y g
C hloram ine T 10j ml  = 88 yg
The reagents were tho ro ug h ly  m ixed and a llo w ed  to  stand fo r e x a c tly  
20 s and the  fo llo w in g  added:
Sodium m e ta b isu lp h ite  100 jx 1 = 240 y g
Potassium  iod ide  2 0 ^ 1  = 2 mg
Samples (1 drop) o f the io d in a tio n  m ixtu re  were app lied  to  tw o
2 x  25 cm W hatman 3 M M  f i l t e r  papers 5 cm from one end fo r chromatographo- 
e le c tro p h o re s is . The rem ainder o f the io d in a tio n  m ixtu re  in c lu d in g  a 
potassium  iod ide  w ash (0 .4  m l) were trans fe rred  to  the Sephadex colum n 
and„e lu ted  w ith  b u ffe r . F rac tions  (15 drops) were c o lle c te d  and cou n te d . 
Samples (1 drop) o f each peak from the colum n were app lied  to  W hatman
3 M M  f i l t e r  paper (2 x  25 cm) as above and ch rom a tog rapho -e lec tropho res is  
perfo rm ed.
Chromatogra pho-e lec tro  phores is
The m a te ria ls  used w e re :-
Buffer -  C om m ercial barb itone ace ta te  fo r e le c trop h o res is  pH 8.6
(Oxoid Ltd)
Shandon Power Pack 
Shandon E lec trophores is  Bath 
The paper end nearest the spot was p laced in b u ffe r in the bath and 
chrom atography a llow ed  to  con tinue  fo r 20 m in when the b u ffe r fro n t was
Lid o f the  bath was rem oved.
The free end o f paper was w etted  w ith  bu ffe r and the tw o  bu ffe r fron ts
g ra d u a lly  a llow ed  to  come in to  c o n ta c t. Just p rio r to  co n ta c t the  free
end o f f i l t e r  paper was immersed in to  bu ffe r in the tank  and the power
sw itched  o n . The ju n c tio n  was com pleted w ith  b u ffe r. E lec tropho res is
w as carried  out fo r  70 m in a t 180 mv w ith  the so lu tio n  flo w in g  to  the anode.
On com ple tion  o f the separa tion  the s tr ip s  were d ried  and scanned. The
scans are dep ic ted  in F ig . 2 .12  and F ig . 2 .13  and dem onstrate th a t
io d in a tio n  o f both AFP and its  a n tibody  were ach ieved w ith  a good separa tion  
[ l  2 5*1from L I|. In  order to  get a more h ig h ly  LabelLed p ro te in  w ith  Less damage 
the lac tope rox idase  techn ique  o f Holohan e t a I . (1973) was a ttem p te d .
Th is method provides a ve ry  sLow re lease  o f o x id is in g  e q u iva le n ts  by the 
a c tio n  o f lac tope rox idase  (E .C . 1 .1 1 .1 .7 )  on hydrogen peroxide w h ich  
l im its  o x id a tiv e  damage to  the p ro te in s .
Reagents
Lactoperox idase  supp lied  by Sigma C hem ica l C o .
(0 .0 5  M) sodium a c e ta te -a c e tic  ac id  b u ffe r pH 5 .0
The method used was as fo l lo w s :-  
In  the  v ia l  were p laced
Sodium J ^ I J  iod ide  (1 mCi) 10 y I
Prote in (5 y g  in buffer) 50 y 1
Buffer 50 y .1
Lactoperox idase  (50 yg /m l buffer) 10 y L
Hydrogen peroxide (30 n g /m l 10 y 1
buffer)
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(1 .2  m g /m l bu ffe r) added. The iod ina ted  m ix tu re  was separated and 
screened as described  fo r the ch lo ram ine -T  method (see F ig s . 2 .12  and 
2 .1 3 ) .
2 .11  ESTABLISHMENT OF ANTI-AFP D ILUTIO N  FOR RIA
As d iffe re n t an tise ra  possess d if fe re n t c h a ra c te r is tic s  the  su ita b le  
d ilu t io n  fo r the RIA has to  be e s ta b lish e d  fo r each antiserum  by an a n tibody  
d ilu t io n  cu rve .
Reagents
x AFP (2 5,000 c .p .m . /m l  buffer)
Norm al ra b b it serum (1 : 200 in bu ffe r)
Sodium su lphate  (3 0 g /1 0 0  m l d is t i l le d  w ater)
The method used was as fo l lo w s :-
D u p lica te  6 fo ld  d ilu t io n s  o f an tibod y  were prepared in  500 y I b u ffe r . 
To each tube was added normal ra b b it serum so lu tio n  (100 y I) and j ^ ^ l ]  
AFP so lu tio n  (100 y  I ) .  The tubes were w e ll m ixed and incubated  ove rn ig h t 
a t room tem pera tu re .
The bound and free fra c tio n s  were separated by the p re c ip ita tio n  o f 
gamma g lo b u lin  w ith  30 g /1 0 0  m l 30% sodium su lphate  (1 .2  m l) to  g ive  
a f in a l concen tra tion  o f 18 g /1 00  m l. The tubes were m ixed and a llo w e d  
to  stand 1 h and cen trifuged  fo r 1 h a t 2 ,0 0 0  re v /m in  (M is tra l 6 L ) .
The supernatants were d isca rded  and the percentage o f counts  bound
Buffer 0 .0 5  M  sodium b a rb ito n e /H C l pH 7 .4  co n ta in in g  bov ine  
serum album in (0 .125  g /1 0 0  m l bu ffe r) and sodium az ide  
(1 m g/100 m l buffer)
p lo tted  a g a ins t the  f in a l d ilu t io n  o f a n tib o d y . The ra d io a c t iv ity  was 
determ ined us ing  Y spectrom etry  (W a llac  80 ,000 Gamma Sample C ounte r, LKB).
The re s u lts  are summarized in F ig . 2 .1 4 .
2 .12  PREPARATION OF STANDARD CURVES
U sing  the d ilu t io n  o f a n tibo dy  e s ta b lish e d  from the a n tibody  d ilu t io n  
cu rve , it-w a s  poss ib le  to in ve s tig a te  w hether a su ita b le  standard curve 
cou ld  be produced fo r pure AFP.
The reagents were as in .section 2 .11  and a n tibody  a t the  appropria te  
f in a l a n tibo dy  d ilu t io n  as e s ta b lish e d  in sec tion  2 .1 1 .
The method used was as fo l lo w s :-
D u p lica te  standard so lu tio n s  e q u iva le n t to : 3 .1 2 5 , 6 .2 5 , 12 .5 ,  25 and 
50 n g /500  y I o f b u ffe r .
To these were added 100 y 1 o f norm al ra b b it sera — in b u ffe r
100 y I o f lab e lle d  AFP = 5 ,000 c .p .m .  in 100 y I b u ffe r
100 y l o f anti-AFP  a t appropria te  d ilu t io n .
The tubes were m ixed and incubated ove rn ig h t a t room tem pera tu re .
A se ries  o f n o n -s p e c if ic  b ind ing  tubes id e n t ic a l except fo r the 
o m iss ion  o f the an tiserum  were set up. To a l l  tubes 30 g /1 0 0  m l sodium  
su lphate  (1 .2  m l) was added. The tubes were m ixe d , incubated  fo r 1 h 
a t room tem perature and cen trifuged  a t 2 ,000  re v /m in  fo r  1 h (M is tra l 6 L ).
The supernatants were d isca rd e d , the p re c ip ita te s  dra ined and coun ted .
The re s u lts  o f a ty p ic a l standard curve is  as shown in F ig . 2 .1 5 .
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F igure 2 .14  A n tibody d ilu t io n  curve using sodium su lphate  p re c ip ita tio n  
- to  separate bound counts
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Figure  2 .1 5  Standard curve o f rad io  immunoassay fo r pure AFP using
sodium su lphate  p re c ip ita tio n  fo r separation o f free and 
bound labe i
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2 .13  STANDARD CURVES OBTAINED W ITH  BIOLOGICAL FLUIDS 
AND STANDARD AFP SOLUTIONS
Because b io lo g ic a l f lu id s  may have to  be d ilu te d  in b u ffe r to  ob ta in  
the conta ined an tigen  in  the appropria te  range fo r measurement i t  is
J
necessary  to  ensure th a t a curve superim posable on the standard in h ib it io n  
curve o f pure an tigen  can be produced by preparing s e r ia l d ilu t io n s  o f a 
c h a ra c te r is tic  b io lo g ic a l f lu id  and com paring the standard in h ib it io n  curve 
to  th a t produced by pure a n tig e n .
The method em ployed was id e n tic a l to  th a t used in the p roduction  o f 
the standard in h ib it io n  curve us ing  pure AFP. S im ultaneous standard curves 
were set up in d u p lica te  us ing  ra t a m n io tic  f lu id  and AFP.
The re s u lts  are shown in F ig . 2 .1 6 .
2 *14 INVESTIGATIONS OF REAGENTS FOR SEPARATING BOUND AND
FREE FRACTIONS
The techn iques compared were the  p re c ip ita tio n  o f ra b b it gamma 
g lo b u lin  w ith  sodium su lp ha te , ammonium su lpha te -sod ium  c h lo rid e  and 
goat a n ti ra b b it y g lo b u lin .
The reagents used were as fo l io w s :-  
Buffer -  as used in sec tion  2 .11  
Sodium su lphate  (30 g /1 0 0  m l buffer)
Ammonium sulphate  (31 .5  g /1 0 0  m l bu ffe r) con ta in in g  sodium  
c h lo rid e  (4 .88  g /1 0 0  m l)
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F igure 2 .16  S u p e rlm p o s ib lllty  o f pure aqueous standards and AFP 
con ta in in g  b io  Logical fLulds
100 Q
©
■# D ilu t io n  o f a m n io tic  fLuid 
M D ilu t io n s  o f pure AFP 50 n .g /m L
40
20
1 1 1 1 1 1 1_ 1 Neat
256 128 64 32 16 8 4 2
D ilu t io n s  o f te s t f lu id s
Norm al ra b b it serum (1 : 200 in buffer)
A n ti- ra t AFP a t the appropria te  d ilu t io n  
1 9 5
I  AFP (25,000 c . p.m  . /m l buffer)
Rat a m n io tic  f lu id
The method used was as fo l lo w s : -
T w e n ty -fo u r sets o f s ix  te n fo ld  d ilu t io n s  o f am n io tic  fLuid were set
up in 500 y I vo lum es o f b u ffe r.
To each tube was added: 100 y I o f the normal ra b b it serum
100 y L o f a n t i- ra t  AFP 
~125~100 y I o f AFP
A ppropria te  n o n -s p e c if ic  b ind ing  tubes were set up in p a ra lle l and the 
tubes were m ixed and incubated ove rn ig h t a t room tem pera tu re . To ten 
sets o f te s t se ries were added va rio u s  vo lum es o f the sodium su lpha te  to  
g ive  a f in a l concen tra tion  o f 15 -  20 g /1 0 0  m l. To a fu rth e r ten sets o f 
tubes were added va rio u s  vo lum es o f the ammonium su lpha te  s o lu tio n  to  
g ive  f in a l concen tra tions  in the range o f 16 .6  g /1 00  m l -  21 g /1 0 0  m l.
To the f in a l fou r sets was added 100 y I o f a n t i- ra b b it  gamma g lo b u lin  a t a 
d ilu t io n  o f 1 : 5 and 1 : 10 in b u ffe r .
The tubes were m ixe d , incubated ove rn igh t a t room tem perature and 
the bound counts determ ined as in sec tio n  2 .1 1 .
The re s u lts  are summarized in Tables 2 . 2 ,  2 .3  and 2 . 4 .
F ina l N a^SO ^ 
Cone11 g /1 0 0  m l
D ilu t io n  o f 
a m n io tic  f lu id
%age o f in i t ia l  
counts bound
%age bound 
(mean)
15 io ”4 14.35 14.87 14.61
i o ‘ 2 16.30 17.76 16.98
i o " 3 27 .18 26.02 26.60
i o “ 4 29.29 2 7.78 28.53
i o " 6 26.01 2 9.25 27.63
Blank 32.49 32 .70 32.59
16.66 i o " 1 23 .84 23 .88 23 .86
i o " 2 21.72 27.02 24.37
i o " 3 34 .3 5 37.21 35 .7 8
i o “ 4 37.17 38.21 37.69
i o “ 5 33 .90 40.99 3 7 .4 5
Blank 37.73 31.63 34 .6 8
18.0 i o " 1 35.62 32.49 3 4 . 05
i o ' 2 29.54 28.86 29 .20
i o “ 3 3 5.59 37.36 36 .47
i o ” 4 39 .04 38.02 3 8.53
i o " 5 40.72 39.23 39 .97
Blank 39.33 40.47 39 .90
19.09 i o ” 1 33 .27 33 .88 33 .57
i o " 2 33 .80 33 .2 5 33 .57
i o ” 3 44 .08 40.63 42 .35
i o " 4 42 .60 43 .85 43 .22
i o ” 5 41 .15 43.81 42 .4 8
Blank 44.43 43.67 44 .0 5
20 .0 i o ” 1 29.59 31 .86 28.72
i < f 2 31.83 34.89 33 .36
i o ' 3 46 .95 47 .08 47.01
i o ” 4 46.89 44.50 45.69
i o - 5 45.37 44 .80 45 .0 8
Blank 43 .55 45.10 44 .7 8
Table 2 .3  Ammonium su lphate  p re c ip ita tio n
F in a l ammonium 
su lphate  cone .
F in a l sodium 
c h lo rid e  cone .
D ilu t io n  o f 
a m n io tic  f lu id
%age o f in i t ia l  
b ind ing
Mean % 
b ind ing
g /1 0 0  m l g /1 0 0  m l
15.75 2 .44 i c f 1 10.11 16.17 13 .14
10~2 20.54 23 .91 22.22
i o -3 20.43 23 .32 21 .87
10~4 33 .66 2 4 . 58 29.10
1 0 - 5 24.51 35 .46 29 .98
Blank 30 .15 31 .35 30 .75
17.5 2.71 i o " 1 14.16 17.94 16.05
i o - 2 29.26 33 .93 31.59
IO "3 29 .81 28.06 2 8.66
iI i o ~ 4 44.24 29 .78 37.01
' 10‘ 5 41.23 44.79 43 .01
Blank 31 .82 38.29 3 5 .0 5
18.9 2.93 io "*1 15.92 18.61 17.26
i o ~ 2 25.44 32 .57 29 .00
i o - 3 3 2 .85 37 .09 34 .97
i c f 4 40.79 35 .67 38.23
i o ' 5 41 .63 36.81 39 .22
Blank 39 .10 41.61 40 .35
20.04 3 .105 io "*1 21 .68 19.79 20.73
i c f 2 28.47 24 .44 26 .4 5
i o “ 3 35.87 32 .8 0 34.33
i o ~ 4 37.87 38 .34 3 8.10
i o - 5 41.26 39.11 4 0 .1 8
Blank 3 8.80 36 .74 37 .77
20.97 3 .25 i o " 1 22.13 19.01 20.57
i o ' 2 29.39 24.93 27 .16
i o " 3 32.99 31 .57 32 .28
I f f  4 34.39 33.41 33 .90
i c f 5 34 .40 33 .89 33 .94
Blank 38.31 33 .89 38 .89
T a b le '2 .4 P re c ip ita tio n  w ith  second an tibody
D ilu t io n  o f % In i t ia l  counts % Maximum A n tibody
am n io tic  f lu id bound b ind ing d ilu t io n
i c f 1 3 .3 3 .4 12.13 1 : 5
10~2 4 . 8 4.9 17.46
CO1oi—! 6 .1 6.1 21.96
i o -4 16.43 18.41 62.64
i c f 5 20.27 21 .81 75.60
Blank 28.01 27.21
i c f 1 3.26 3.41 11 .98 1 : 10
i c f 2 4.72 4 .76 17.06
i c f 3 6.34 6.83 23 .65
i o - 4 15.76 17.34 59.89
i o - 5 20.13 20.20 72.59
Blank 28.13 27.21
2 • 15 t h e  e f f e c t  o f  n o r m a l  r a b b it  s e r u m  a n d  e d t a  o n
THE PERCENTAGE OF LABELLED ANTIGEN-ANTI BODY 
" COMPLEX PRECIPITATED BY ANTI-RAT y GLOBULIN
Reagents
Buffer as in sec tion  2.11
Buffer as in section  2.11 con ta in in g  0.027 M d isod ium  EDTA 
Norm al ra b b it serum 1 : 200 in bu ffe r 
Norm al ra b b it serum 6% (v /v )  in bu ffe r 
^2 ^I AFP (50, 000 c . p.m . /n i l  bu ffer)
A n ti- ra t AFP a t the appropria te  d ilu t io n  
A n ti- ra b b it y g lo b u lin  (1 : 10 in buffer)
The methods used were as fo llo w s  -
Sets o f s ix fo ld  d ilu t io n s  o f am n io tic  f lu id  were set up in 500 y l 
vo lhm es as shown in Table 2 .5  and the procedure fo r de te rm in ing  the 
bound counts was ca rried  out using the a n t i- ra b b it  g lo b u lin  (1 : 10 in bu ffe r) 
techn ique  as described  in sec tion  2 . 1 4 .
The re su lts  are summarized in Table 2 .6 and F i g . 2 . 1 7 .
2 .16  CROSS-REACTIVITY OF NORMAL RAT SERUM CONSTITUENTS
IN  THE RIA OF AFP
To check fo r c ro s s - re a c t iv ity  standard curves were set up us ing  
pure AFP fo e ta l sac f lu id  and the m ale a d u lt ra t serum w h ich  had been 
adsorbed w ith  m on ospec ific  an tise ra  a ga ins t ra t AFP. The adso rp tion
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Set D ilu t io n  o f 
am n io tic  f lu id
% In i t ia l  
counts bound
Mean % maximum 
bind ing
100y I 1:6 3 .36 3 .57 13.00
C arrie r 1:36 3 .94 5.26 17.29
Prote in 1:216 4.09 5.29 17.62
1:200 1:1296 6 .45 5.73 22.72
No EDTA 1:7776 12.24 14.17 49.51
In  b u ffe r B lank 27.69 25.73 100
100 y I 1:6 2 .6 . 3 .16 20 .14
C arrie r 1:36 3 .1 3 .47 22 .8 5
Protein 1:216 3 .57 3 .74 25.49
6.75% 1:1296 4.13 4.66 3 0 . 68
No EDTA 1:7776 9.22 10.59 69 .18
In  b u ffe r B lank 13 .90 14.81 100
100 y 1 1:6 4 .74 5.03 17.18
C a rrie r 1:36 7.36 9.14 29.12
Prote in 1:216 11.62 15.26 59.37
1:200 1:1296 16.78 17.97 61 .21
W ith  EDTA 1:7776 23 .61 27.56 88.50
In  bu ffe r B lank 29.24 28.63 100
l O O y l 1:6 4.19 5.09 21 .1 5
C arrie r 1:36 7 .95 8.78 38 .23
Prote in 1:2.16 11 .68 10.30 50.00
6.75% 1:1296 12.23 13 .72 56.78
W ith  EDTA 1:7776 21.37 18.69 91.11
In  bu ffe r Blank 21 .98 21.89 100
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F igure 2 .1  7 The e ffe c t o f normaL ra b b it serum and EDTA on the 
percentage o f Labelled an tigen p rec ip ita ted  in
a n tig e n -a n tib o d y  com plex
100
40
~0
Neat
3621612967776
D ilu t io n  o f am n io tic  f lu id
0 - 0  Normal serum (100 yl o f 6.8%) ©“ ® Normal serum (100 y l o f 0.5%)
0 -0  Normal serum (100 y l o f 6.8%) EDTA 27 mM in bu ffe r
v —v  Normal serum (100 y l o f 0.5%) EDTA 27 mM in  bu ffe r
o f the  m ale a d u lt ra t sera was necessary s ince  Ruo s la h t i and Seppala 
(1971) and M asseyeff (1974) have dem onstrated th a t i t  is p oss ib le  to  
measure AFP in h e a lth y  ad u lts  using RIA. Since the d e tec ta b le  l im it  
o f th is  techn ique  had not so fa r  been es ta b lish e d  i t  was e s s e n tia l th a t 
any AFP present was removed before te s tin g  fo r c ro s s - re a c t iv ity .
The m on ospec ific  antiserum  was ra ise d  in horse and p u rif ie d  by 
P rofessor H ira i o f Sapporo, Japan and the m o n o s p e c ific ity  dem onstrated 
by the presence o f o n ly  one band produced a ga in s t ra t fo e ta l serum by 
double im m unod iffus ion  and Im m unoe lec trophores is .
The methods used were as fo l lo w s :-
F ive  fo ld  d ilu t io n s  o f the three te s t so lu tio n s  in d u p lic a te  to  a f in a l 
vo lum e o f 500 y I in 0 .05  M  sodium b a rb ito n e /H C l b u ffe r, pH 7 .4  
co n ta in in g  0.125 g /1 0 0  m l bovine  serum a lbum in + sodium az ide  1 m g/100 
The RIA was performed as p re v io u s ly  d e sc rib e d , using sodium su lpha te  
fo r  separa tion  o f free and bound a n tig e n .
The re s u lts  are shown in F ig . 2 . 1 8 .
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F igure 2 .18 To Inves tig a te  I f  any c ro ss -re  a c t iv ity  e x is ts  In the
rad io im m unoassay o f aLphafoetoprotein* sodium su lphate  
used as the separa tion  techn ique
40
35 -
30
20
10
25125625
D ilu t io n  o f t es t  so lu tio n
G—o Foeta l sac f lu id  
o—b pure a lphafoeto  pro te in  s o lu tio n  • 
Adsorbed male a d u lt ra t serum
DISCUSSION
For rou tine  use the lac tope rox idase  method o f io d in a tio n  was preferred 
as the  longer incuba tion  tim e provided greater c o n tro l. Th is  re su lted  in 
less damage to  the pro te in  fo r the same inco rpo ra tion  o f ra d io a c tiv ity - 
obta ined w ith  ch lo ram ine T . W ith  ch loram ine T s p e c if ic  a c t iv it ie s  in the 
range 50 m C i/m g  AFP have been ob ta ined  (Purves and Purves, 1972;
' M c ln t ire  et a j.. ,  1975).  U s ing  lac to  peroxidase s p e c if ic  a c t iv it ie s  were 
i ob ta ined  o f 20 -  30 m C i/m g  AFP.
The lab e l was added to  g ive  ap p rox im a te ly  5,000 c . p . m .  in b u ffe r 
and stored frozen at -2 0 °  C fo r  1 w e e k . Any damage was removed by 
re p u r if ic a tio n  through a G-25 co lum n, as used in the io d in a tio n  te ch n iq u e , 
im m ed ia te ly  before u se .  Fresh la b e l was prepared at w e e k ly  in te rv a ls .
From Table 2 .6  and F ig . 2 .17 i t  can be seen th a t an increase  in 
c a rr ie r  p ro te in  from 0.06% f in a l concen tra tion  to  th a t o f 0.75% b rings 
about a decrease in the b ind ing  o f lab e lle d  an tigen  to  p re c ip ita te . Th is 
suggests th a t the  0.06% normal ra b b it serum is  s u ff ic ie n t to  a c t as a 
c a rr ie r  fo r p re c ip ita tio n  and th a t in h ib it io n  o f th is  p re c ip ita tio n  is  brought 
about by a te n fo ld  increase in the co n ce n tra tio n . This may be due to  
com plem ent and i t  w ou ld  be in te re s tin g  to  use th is  h ighe r co n cen tra tio n  o f 
serum in w h ich  com plem ent had been in a c tiv a te d .
Tables 2 . ,3and 2 .2 show th a t the agreement between s a lt p re c ip ita tio n  
techn iques is poor. The s tan da rd iza tion  o f the RIA fo r AFP u s ing  th is  
techn ique  is d i f f ic u l t  s ince  fa ir ly  smal l  v a r ia t io n s  in the f in a l s a lt
con cen tra tion  w ou ld  re s u lt in fa ir ly  large d iffe re n ce s  in the percentage 
o f labe l p re c ip ita te d . De La Huerga and Popper (1950) have suggested 
th a t a so lu tio n  con ta in in g  18.9 g /1 0 0  m l ammonium su lphate  + 2.93 g /1 0 0  m l 
sodium ch lo rid e  p re c ip ita te s  o n ly  the gamma g lo b u lin  fra c tio n  o f plasma 
p ro te in  w h ils t  Sel l  (1973) used a f in a l co ncen tra tion  o f 18 g /1 0 0  m l sodium 
su lphate  to  p re c ip ita te  the same fra c t io n . From the re s u lts  ob ta ined  it  
appears th a t the concen tra tions  o f ammonium su lphate  (18.9 g /1 0 0  m l) and 
sodium su lphate  (18.0 g /1 0 0  ml) b ind m a x im a lly  the same proportion  o f la b e l.
Ammonium su lphate  p re c ip ita tio n  g ive s  the more c h a ra c te r is tic  standard 
cu rves and the co ncen tra tio n  is  less  c r i t ic a l  than th a t o f sodium s u lp h a te .
The g rea ter s o lu b i l i ty  o f the ammonium s a lt fa c i l i ta te s  its  u se .  The best 
re p ro d u c ib il ity  was ach ieved by p re c ip ita tio n  w ith  an tibo d ies  to  ra b b it 
gamma g lo b u lin s  ra ised  in goat (Table 2 . 4 ) .  A large percentage o f the 
labe l was bound to  a n tibo dy  in com parison w ith  the s a lt p re c ip ita tio n  
te c h n iq u e s . Th is  may be due to  a number o f reasons:
i) The second a n tibody  a lso  p re c ip ita te d  labe l w h ich  is  no t bound to  
a n tib o d y .
i i )  The s a lts  fa i l  to  p re c ip ita te  a l l  the  a n t i- ra t  AFP an tigen  co m p le xe s .
Th is  may be due to  an in h ib ito r  o f an tigen  -  a n tibody  b in d ing  e . g .  
com plem ent o r in s u ff ic ie n t c a rr ie r p ro te in  to  fa c i l i ta te  a large enough 
p re c ip ita te  fo r com plete c e n tr ifu g a tio n .
Due to  the g reater re p ro d u c ib il ity ,  g rea te r b ind ing  and ease o f 
performance i t  was decided to  em ploy the second an tibody  te chn ique  in 
the RIA o f AFP.
One d isadvan tage  o f th is  techn ique  is  th a t serum may in te rfe re  w ith
the  second an tibody  re a c tio n . M organ , Sorenson and Lazarow  (1964) 
observed th a t human serum in h ib ite d  p re c ip ita tio n  o f a n t i- in s u lin  by 
anti-gam m a g lo b u lin  and th e y  a ttr ib u te d  th is  to  com plem ent. Th is was 
confirm ed by Soeldner and Stone (1965).
EDTA an in h ib ito r  o f com plem ent increased the maximum b ind ing  o f 
the labe l a lthough  h igher concen tra tion  o f norm al ra b b it serum p a r t ia lly  
o ffs e t t h is .
Table 2 .6  shows th a t the maximum b ind ing  increased in the presence 
o f EDTA p a rtic u la r ly  a t 1 : 7776 d i lu t io n .  Th is appeared to  have a 
d e le te rio u s  e ffe c t on the slope w h ich  may be due to  the o r ig in a l cho ice  
o f co n d itio n s  in the absence o f EDTA. An an tibody  d ilu t io n  curve was 
produced inco rpo ra ting  the EDTA in the b u ffe r before the techn ique  was 
f in a liz e d .  I t  does ,  how ever, appear as i f  the  best separa tion  o f free  and 
bound lab e lle d  an tigen  was ob ta ined  by inco rpo ra ting  EDTA in the b u ffe r 
but th a t there was no need to  increase the amount o f ca rr ie r p ro te in  con ten t 
o f the sys te m .
The re s u lts  o f F ig . 2 . 1 8  show no evidence fo r cross re a c t iv ity  in 
adsorbed a d u lt ra t serum .
a) D e te rm ina tion  o f the S e n s it iv ity  o f the Assay
S e n s it iv ity  has been de fined  as the sm a lle s t amount o f an tigen  
(un labe lled ) th a t can be d is t in g u is h e d  from zero (M id g le y  and N isw e n de r, 
1969).  I t  has a lso been de fined  from the slope o f the standard curve and 
Ekins and Newman (1970) uses the fo llo w in g  fo rm ula :
s e n s it iv i ty  =
Mean d iffe re n ce s  between re p lic a te  es tim a tes o f BoundFree
1.1  x  Slope o f response curve at BoundFree
Th is  takes in to  account the v a r ia t io n  o f re s u lts  and a llo w s  assessm ent 
o f the  s e n s it iv ity  a t any reg ion  o f the cu rve . U s ing  th is  a n a ly s is  the 
RIA system  developed was s e n s it iv e  to  2 .6  ng A F P /m l.
b) R e p ro d u c ib ility  o f the RIA fo r AFP
The m ain fa c to r in flu e n c in g  re p ro d u c ib il ity ,  the re p lic a tio n  o f the  
va lues  w ith in  or between a ss ay s ,  is  the error in the  in d iv id u a l 
I m a n ip u la tio n s . The use o f a sem i-au tom ated system em ploying  a Com pu- 
pet d ilu te r  and d isp e n se r, helped in th is  re s p e c t.
The re p ro d u c ib il ity  o f th is  system  obta ined by re p lic a te  de te rm ina tio n  
on the  same plasma samples va ried  fo r  d if fe re n t con cen tra tion s  w ith  a 
mean standard d e v ia tio n  o f + 3 .2 n g /m l.
I t  is  im portan t th a t the re s u lts  o f te s ts  performed one day are w ith in  
an accep tab le  range o f th a t measured on any o the r day by the same te c h n iq u e . 
I t  is  b e n e fic ia l i f  these re s u lts  show good co rre la tio n  betw een tw o  d if fe re n t 
la b o ra to r ie s . For th is  reason i t  was e s s e n tia l th a t some form o f m on ito rin g  
system  on the q u a lity  o f the re s u lts  was set up . The system  co n ta ined :
i) The w ith in  assay  va rian ce
i i)  The between assay va ria nce
The f i r s t  parameter was e a s ily  m onitored by perform ing d u p lic a te  o r t r ip l ic a te  
e s tim a tion s  o f each sample and s tandard . An acceptab le  range o f d e v ia tio n  
was es tab lish e d  and re s u lts  ou ts ide  th is  range were rep ea ted .
The second parameter is  the d i f f ic u l t  one to  m on ito r and a su ita b le
system  should con ta in  the fo llo w in g :
i) A ve ry  pure standard w h ich  w i l l  no t d e te rio ra te  over long p e rio d s .
i i)  A b io lo g ic a l f lu id ,  id e n tic a l to  those under t e s t ,  whose AFP con ten t
has been ca lcu la te d  many tim es g iv in g  a re lia b le  mean and standard d e v ia tio n . 
Th is  so lu tio n  should be inc luded  in each ba tch  o f t es ts  and the ba tch  should 
be repeated i f  the va lu e  fa l ls  o u ts ide  the accep tab le  range . I f  the  product 
d e te rio ra te s  a su ita b le  storage procedure m ust be found , such as freeze 
d ry in g .
i i i )  Random b a tch -b a tch  assays may a lso be perform ed.
I t  may be necessa ry  to  re c a llib ra te  another standard or b io lo g ic a l f lu id  
during  the period o f te s t and th is  m ust be accom plished before the in i t ia l  
s tocks  are exhausted .
W ith  the e s tab lish m en t o f these  c r ite r ia  a rad io im m unoassay o f 
su ita b le  s e n s it iv i ty ,  p re c is io n , accu racy  and re p ro d u c ib ility  e x is ts  
under adequate contro  I .
CHAPTER THREE
ALPHAFOETOPROTEIN AND TRANSPLANTED 
CHEMICALLY INDUCED HEPATOMAS
INTRODUCTION
3 .1  IM M UNOLOGY OF CHEMICALLY INDUCED TUMOURS
The connection  between im m unology and onco logy  became apparent 
when tum ours capable o f g row th in isogene ic  an im a ls  were re jec ted  when 
transp lan ted  in to  a llo g e n e ic  an im a ls and a second tra n sp la n t o f tum our 
tis s u e  was re jec ted  more ra p id ly  than the f i r s t  (L ew is , 1940).  M itc h is o n  
(1954) found th a t the re je c tio n  was brought about by lym phoid ce lls , w h ich  
were la te r c la s s if ie d  as thym us de rived  lym phocytes (delayed h y p e rs e n s it iv ity  
im m unocytes) by Burnet (1968).  The tra n sp la n ta tio n  o f tum our c e l l s  in to  
a llo g e n e ic  an im a ls s tim u la te s  both the hum oral and c e ll-m e d ia te d  immune 
responses and va ry in g  degrees o f s tim u la tio n  o f each mechanism  can be 
brought about by d iffe re n t inn o cu la tio n  procedures e . g .  in traderm a l 
in n o cu la tio n  s tim u la tes  the c e ll-m e d ia te d  response m ost s tro n g ly  whereas 
in travenous in je c tio n  s tim u la tes  the hum oral more than the c e ll-m e d ia te d  
(B illin g h a m , 1957).
The tu m o u r-assoc ia ted  an tigens resp on s ib le  fo r the s tim u la tio n  o f the 
immune response may be present on the c e l l  membrane (tum o u r-assoc ia ted  
tra n sp la n ta tio n  a n tig e n s , TSTA),- in the nucleus o r in  the  cy top lasm  (see 
sec tion  1 . 7 .  The s p e c if ic i ty  and c ro s s - re a c t iv ity  o f the TSTA between 
tum ours is  dependent upon the a e tio lo g y  o f the tum our. V iru s - in d u c e d  
tum ours share common TSTA (S jogren, 1961) w hereas, each ca rc in o g e n - 
induced tum our con ta ins  in d iv id u a l and d if fe re n t TSTA (Old e t a l . , 1962) .  
These d iffe re n ce s  occurred even though tum ours possessed the same
h is to lo g y , were induced by the same carc inogen o r were induced at 
d if fe re n t s ite s  in the same an im al by the same carc inogen (Prehn and 
M a in , 1957; K le in  e t a l . , 1960; M orton et a j . , , 1965; Basam brio, 1970; 
G loberson and Fe ldm an, 1964).  A l is t  o f chem ica ls  capable o f producing 
TSTAs are shown in Table 3 . 1 .  C ontrary  to  the genera l concensus o f 
o p in ion  severa l w orkers have e xh ib ite d  ce rta in  c ro s s - re a c t iv ity  in ch e m ica lly  
induced tum ours (Ko ldovsky and Svoboda, 1963; Takeda, 1969; Holmes 
et a l .  , 1971).  The d iv e rs ity  o f tum our an tigens produced by compounds 
p e rs is ts  unchanged on passage and m ust be g e n e tic a lly  determ ined 
(K le in  and K le in , 1962).
Since tum ours s tim u la te  the immune system o f the host i t  m igh t be 
expected th a t re je c tio n  o f such tum ours m igh t o c c u r. K le in  (1970) has 
pos tu la ted  th a t tum ours can escape re je c tio n  a t the tum our c e l l  le ve l due 
to  l oss  o f th e ir  a n tig e n ic  make up w ith  tim e (Gotohda et a_l., 1975),  at 
th e ,h o s t le ve l by im m unosuppression (S tje rnsw ard , 1965) or by in s u ff ic ie n t 
re lease  o f TSTA before the tum our has reached an ir re v e rs ib le  s tage .
H e lls trom  and H e lls trom  (1973) and H e lls trom  and M i l le r  (1965) propose 
th a t escape from re je c tio n  is  due to the presence o f 'b lo ck in g  fa c to rs ' 
w h ich  l im it  the ce ll-m e d ia te d  d e s tru c tio n  o f tum ours . These fa c to rs  
have been proposed to  be due to  a n tig e n , an tibody  o r more re c e n tly  a n tig e n - 
a n tibod y  com plex (Vaage, 1974; Baldw in et a I . ,  1972).
Since immunosurveillance is important in the development of neoplasia , 
it follows that factors causing alterations in this system, especia lly  thym us- 
dependent immune responsivenesSjWill affect the a b ility  of the tumour to 
develop w ithin the host. The immunosuppressive action of several chem ical
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carc inogens is w e ll e s tab lish e d  but it  is  not fu l ly  proven th a t th is  p lays 
a s ig n if ic a n t ro le  in chem ica l ca rc ino genes is  and o b v io u s ly  has no e ffe c t 
on tum our tra n s p la n ta tio n .
3 .2 IM M U N O LO G IC  MECHANISMS IN  THE THERAPY OF CANCER
Since the immune sta tus o f the host a ffe c ts  the a b il i ty  o f tum ours to  
grow  i t  is  a lo g ic a l consequence to  a ttem pt to  a d ju s t the host's a b i l i t y  
to  re s is t tum ours by such m ethods. Im m unotherapy has g e n e ra lly  taken  
three d if fe re n t form s: enhancement o f n o n -s p e c if ic  immune m echanism s 
(M a the , 1971)/ s tim u la tio n  o f s p e c if ic  ce ll-m e d ia te d  immune m echanism s 
(C u rrie / 1972)/ and indu c tio n  o f s p e c if ic  hum oral m echanism s (S m ith / 1972). 
A ll approaches have been used o n ly  when lim ite d  numbers o f tum our c e lls  
are p resen t. A lthough the passive approach to humoral enhancem ent o f 
re je c tio n  has g e n e ra lly  fa ile d  the a d m in is tra tio n  o f an tibo d ies  lin ked  to  
chem otherapeutic  or ra d io th e ra pe u tic  ligands has how ever/ shown some 
success (RubenS/ 1974; M cG aughey/ 1974). The p o s s ib il i ty  o f immuno­
lo g ic a l approaches fo r  cancer the rapy  has been d iscussed  by Burnet (1971) 
and Gray (1975).
3 .3  IM M U NO LO G ICAL DIAGNOSIS OF CANCER
P ossib le  im m uno log ica l a ids  to  the d ia g n o s is  o f prim ary l iv e r  carcinom a 
inc lude  the exam ina tion  o f leucocytes  fo r  ce ll-m e d ia te d  im m un ity  a g a in s t 
tum o u r-asso c ia te d  a n tig e n s . These inc lude  te s ts  fo r lym phocyte
c y to to x ic ity  (H e lls trom  et a l . ,  1971; Jagarlamoody et aj_. / 1971) lym phocyte
trans fo rm a tion  (Vanky et a j , . , 1971) 7 lym phocyte m ig ra tion  in h ib it io n  
(Anderson et a I . ,  1969; Segall e t a L  , 1972) and leucocyte  adherence 
in h ib it io n  (H a llid a y  and M i l le r ,  1972).
M any and perhaps a l l  human cancers Induce the appearance o f 
c y to to x ic  host lym phocytes capable o f k i l l in g  c u lt iv a te d  tum our c e lls  
and th is  a c t iv ity  is  accom panied by c irc u la t in g ’b lock ing  fa c to rs 1 w h ich  
in te rfe re  w ith  c e ll-m e d ia te d  im m un ity .
The leucocyte  adherence in h ib it io n  techn ique  was f i r s t  described  
I fo r  the  s tudy o f experim enta l tum ours in  m ice (H a llid a y  and M i l le r ,  1972) 
and has been app lied  to  the d e te c tio n  o f s p e c if ic  ce ll-m e d ia te d  im m un ity  
in human cancer (H a llid a y  e t a L  , 1974). The te s t is  based on the 
obse rva tion  th a t when blood leucocy tes  from a pa tien t w ith  cancer are 
m ixed w ith  the corresponding s p e c if ic  tum our an tigen  the tendency  o f the  
leucocy tes  to  adhere to  g la ss  is  in h ib ite d . Serum from the same pa tien ts  
reverses or b lo cks  th is  in h ib it io n  o f adherence. Both the leu cocy te  
adherence in h ib it io n  and its  b lo ck in g  are tu m our-type  s p e c if ic ,  but show 
com plete c ro s s - re a c t iv ity  w ith in  each type  o f tum our.
The macrophage m ig ra tion  in h ib it io n  assay has been used to  measure 
c e llu la r  im m unity to  a v a r ie ty  o f an tigens (Bloor , 1971; D a v id , 1971). 
Th is assay in vo lve s  the re lease  o f fa c to rs  from the  a c tiva te d  lym phocytes 
w h ich  in h ib it  the  m ig ra tion  o f m acrophages in agar. These assays and 
th e ir  a p p lic a tio n s  are review ed by Herbeman (1974) and B a ldw in  (1975).
3 .4 DRUG METABOLISM IN  TUMOURS
< ! i i-
Sugimura et a_l. (1966) found cytochrom e P -450, cytochrom e b5 , j ; ;
NADI40-cytoch rom e c o x id o re d u c ta se , NADH0-cytochrom e b5 o x id o -  Iz z ^
reductase  and a rom atic  ring  h yd ro xy ia tio n  a t eq u iva le n t o r s l ig h t ly  low er 
le v e ls  in  m inimum d e v ia tio n  hepa tom as. In  em bryonal l iv e r  o r Yoshida 
hepatomas those cytochrom es and enzyme a c t iv it ie s  were much low er than 
no rm a l, the decrease in a c t iv ity  co rre la tin g  w ith  increase in  g row th  ra te . 
Adamson and Fouts (1961) had observed th a t decreases in m icrosom al 
o x id a tio n s  occurred in tum our c e lls  and not in the normal a d jacen t c e l ls ,  
se ve re ly  damaged c e lls  nor during  the p re -cancerous s tage . They sta te  
th a t th is  is probab ly due to  enzyme d e p le tio n  and not in s u f f ic ie n t co fa c to r 
a v a ila b i l i t y .  Brown et a L (1971) observed decreased c y to ch ro m e -P -4 50, 
benzpyrene hyd roxy lase  and NAD PH oxidase  a c t iv ity  in the liv e rs  o f ra ts  
beaming b reast-adenocarc inom a compared w ith  the liv e rs  o f norm al fem ale 
ra ts .  T ransp lan ta tion  o f a n o n -m e ta s ta s iz in g  fib rosarcom a in to  one member 
o f a p a rab io tic  pa ir o f ra ts  produced in h ib it io n  o f hepa tic  m icrosom a l drug 
o x id a tio n  in both members (Boulos e t a j.. ,  1972). These w orkers co n s id e r 
th is  ev idence fo r a c irc u la tin g  substance w h ich  in h ib its  h e p a tic  drug 
m e ta b o lism . Creaven et a_l. (1965) and Creaven and Parke (1966) have 
shown th a t pretreatm ent o f ra ts  w ith  a number o f carc inogens m a rked ly  
enhances the h epa tic  in v itro  m etabolism  o f b iphen y l to  2 -h y d ro x y b ip h e n y l 
w h ile  o n ly  w e a k ly  s tim u la tin g  fo rm ation  o f the  normal m a jor m e ta b o lite , 
4 -h y d ro x y b ip h e n y l. Further s tud ies  (Bridges et a j_., 1973; M cPherson 
e t a l . , 1974) have led to the proposal o f the enhancement o f b ip h e n y l 
2 -h yd ro xy la se  as a sho rt-te rm  screening fo r ca rc in o g e ns .
' 9 M  ‘ I' ~
3 .5  Y-GLUTAMYL TRANSPEPTIDASE } ^ v
\
. '  \
\
The assay o f Y -g lu ta m y l transpep tidase  in serum is  now qu ite  
e x te n s iv e ly  used as a screening te s t fo r l iv e r  d iseases such as ch o le s ta s is  
and e th y lic  l iv e r  damage and a lso  in cases o f sym ptom atic porphyria  
cutanea tarda (S zezek lik  e t a j.. ,  1961; Goldberg et ad . ,  1963; Rutenberg 
et a L  , 1963; A d ja rov , 1973). Increases in  Y -g lu ta m y l tra nspep tid ase  
occurred in the l iv e r  o f ra ts  and m ice fed carc inogens and in tra nsp la n ted  
tum ours (F ia la  et a j.. ,  1973) and in spontaneous tumours in  m ice (F ia la  
et ad. ,  1972).
U s ing  transp lan ted  hepatomas a se ries  o f experim ents were set up 
to  in ve s tig a te  the re la t io n s h ip  between AFP p roduction , s tim u la tio n  o f 
the immune response in host a n im a ls , ce rta in  parameters o f drug m etabo lism  
in the host during tum our developm ent and the production o f Y -g lu ta m y l 
trans peptidase in tum our bearing an im a ls  .
METHODS
✓
The tum our tis s u e  was de rived  from an e th io n in e -in d u ce d  hepatoma 
in hooded maie ra ts  (L is te r s tra in ) and was donated by D r . Reid o f the 
W o lfson  B io a n a ly tic a l C en tre , U n iv e rs ity  o f Surrey.
3 .6 TRANSPLANTATION OF TUMOUR
SoLid tum our t is s u e  was exc ised  from the donor animaL and the  fib ro u s  
capsu le  rem oved . A c e ll suspension o f the ou te r v ia b le  c e lls  o f the 
tum our was prepared in  s te r ile  1.15% (w /v ) potassium  c h lo rid e  us ing  a 
s te r iliz e d  lo o s e - f it t in g  Potter hom ogen iser. A v ia b le  c e ll count was
g
performed on the suspension as described  in sec tion  4 .7  and 5 x  10 
v ia b le  c e lls  transp lan ted  subcutaneous ly  in the th o ra c ic  reg ion  us ing  a 
tro ca r need le .
3 .7 y-GLUTAMYL TRANSPEPTIDASE ASSAY
The enzyme was determ ined by the method o f Szasz (1969). The 
substra te  L-y -g lu ta m y l p -n itro a n ilid e  (Sigma) is  hyd ro lysed  by the enzyme 
lib e ra tin g  p -n it ro a n il in e , the e x tin c tio n  o f w h ich  is  measured a t 405 n m .
The assay was performed in 0 .05  M  T r is /H C l b u ffe r pH 8 .4 ,  a t 3 7° C .
3 .8  MEASUREMENT OF MALONALDEHYDE (S later and S aw yer, 1972)
To 2 m l m icrosom al suspension was added 2ml 10% (w /v ) TCA and a fte r
m ix in g , the tubes were le ft at 4° C fo r 30 m in . The tubes were ce n trifuged  
to  remove denatured pro te in  and the m alonaldehyde determ ined by adding 
2 m l o f 0.67%  th io b a rb itu r ic  ac id  to  2 m l o f the supernatant and hea ting  in 
a b o ilin g -w a te r  bath fo r 10 m in . A fte r coo ling , the e x tin c tio n  was read 
a t 53 5 nm and compared to  s im ila r ly - tre a te d  m alonaldehyde standard o f
2 .5  n m o le /m l in 5% (w /v ) TCA. The standard was prepared from 1 ,1 ,3  ,3 -  
te tra e th o xy  pro pane in 5% (w /v ) TCA, w h ich  re su lted  in the q u a n tita tiv e  
p roduction  o f m a lona ldehyde.
3 .9  MEASUREMENT OF CYTOCHROMES b5 AND P-450
(Omura and Sato, 1964)
These cytochrom es were measured on the m icrosom al fra c tio n  o f 
l iv e r  prepared by d if fe re n t ia l c e n tr ifu g a tio n . Two cuve ttes  were set up 
each co n ta in in g  2 m l 0 .1  M phosphate b u ffe r, pH 7 .4 ,  and 1 m l m icrosom a l 
suspension (20-30 mg p ro te in /m l) . A few  mg o f NADH (d isod ium  sa lt)  
were added to  the te s t cuve tte  and the  spectrum recorded betw een 3 9 0 - 
500 n m . Cytochrom e b,_ was quan tita ted  from the e x tin c tio n  d iffe re n ce  
between the  peak at 426 nm and the trough at 410 nm and converted  to  
con cen tra tion  u n its  using the e x tin c tio n  c o e ff ic ie n t o f 161 cm * mM
Cytochrom e P-450 was measured in the same cuve ttes  by the a d d itio n  
o f a few  mg o f sodium d ith io n ite  to  both cuve ttes  and bubb ling  carbon 
m onoxide through the te s t cuve tte  fo r 3 0 s . The spectrum was again  
recorded from 390 -  500 nm and the cytochrom e P-450 le v e l q u a n tita ted  
as the e x tin c tio n  d iffe re nce  between 450 nm and 490 nm and expressed in
-1  - i
concen tra tion  u n its  us ing the e x tin c tio n  c o e ff ic ie n t o f 91 cm nM
3 .10 MICROSOMAL HYDROXYLASE ASSAYS
Biphenyl 2 -  and 4 -h y d ro x y la tio n  was determ ined by the techn ique  o f 
Creaven et a_l. (1965) and a n ilin e  hyd roxy lase  a c t iv ity  was determ ined by 
the method o f N a ka n isk i e t a l .  (1971).
3 .11  MACROPHAGE ADHERENCE IN H IB IT IO N  (Holdn et a l .  , 1974)
The macrophages were ob ta ined  from pe ritonea l exudates 3 days 
* a fte r an i . p .  in je c tio n  o f 5 m l liq u id  pa ra ffin  as fo llo w s :
Rats were anaesthe tized  w ith  e ther and in je c te d  i . p .  w ith  50 m l L -15  
medium (B io c u lt) . The so lu tio n  was w ithd raw n  and c o lle c te d  in  p la s t ic  
tubes in an ic e -b a th . The tubes were cen trifuged  a t 200 g in a 
cen trifu ge  at 4 °  C fo r 6 m in . The p e lle t was d ilu te d  w ith  L -1 5  medium
g
- to  g ive  a f in a l co ncen tra tion  o f 4 x  10 pe ritonea l (PC) c e l ls /m l.  
Suspensions co n ta in ing  more than 20% e ry th rocy tes  were d is c a rd e d .
The an tigen  suspensions were ob ta ined by hom ogenising l iv e r  or tum our 
tis s u e  in ic e -c o ld  1.15% potassium  ch lo rid e  and d ilu t in g  to  4% (w /v ) in 
the potassium  ch lo rid e  s o lu t io n .
The te s t o f adherence in h ib it io n  was ca rried  out on seven te s t groups 
in g la ss  Le igh ton  tubes as shown in Table 3 .2 . Im m ed ia te ly  a l l  m ix tu res  
were se t up 0 .1  m l was removed fo r an in i t ia l  count using  an im proved . 
Neubauer counting  cham ber. The tubes were incubated a t 37° C fo r 2 h , 
the supernatant removed and the number o f non-adheren t c e lls  co u n te d .
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EXPERIMENTS AND RESULTS
3 .12  THE EFFECT OF TRANSPLANTATION OF HEPATOMA TISSUE 
ON THE BIOCHEMISTRY OF THE HOST ANIM AL
Three groups o f male Hooded ra ts  (L is te r s tra in ) were m atched fo r
£
w e ig h t and tw o  o f the groups tra nsp la n ted  w ith  5 x 1 0 °  v ia b le  tum our c e lls  
7
and 10 v ia b le  tum our c e lls  as described  in sec tion  3 .6 .  The th ird  group 
were in je c te d  w ith  the same vo lum e o f 1.15%  (w /v ) potassium  c h lo r id e .
A t 3 , 10, 15 and 30 days fo llo w in g  the tra n sp la n t 4 an im a ls  from 
each group were w e ig h ed , a n a e s th e tise d , b led by ca rd iac  punctu re , k i l le d  
by c e rv ic a l frac tu re  and the l iv e r  and any hepatoma tis s u e  rem oved.
The tis s u e s  were w eighed and hom ogenised in  1.15%  (w /v ) potassium  
ch lo rid e  using a P o tte r-E lve jhem  hom ogen iser. The homogenates were 
cen trifuged  fo r 10 m in at 10,000 g and the p o s t-m ito ch o n d ria l supernatan t 
used fo r the de te rm ina tion  o f AFP, cytochrom e P -450, cytochrom e b 5 , 
m a lona ldehyde, a n ilin e  h yd ro xy la se , b ip h e n y l 4 -h y d ro x y la s e , b ip h e n y l 
2 -h yd ro xy la se  and its  enhancement w ith  benz(a  )pyrene . AFP le v e ls  in 
the  sera were a lso  determ ined by RIA as set ou t in C hapter 2 .
The re su lts  are summarized in Tables 3 .3 and 3 .4 ,  and F ig s . 3 .1  to  3 .6 .
3 .13  Y -GLUTAMYL TRANSPEPTIDASE IN  RATS BEARING
TRANSPLANTED HEPATOMAS
Two groups o f male Hooded ra ts  (L is te r s tra in ) were m atched fo r w e ig h t
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F igure 3 .2  E ffec t o f hepatoma tra n sp la n ta tio n  on b ip heny l 2—hyd roxy lase
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Figure 3 .4  E ffect o f hepatoma tra n sp la n ta tio n  on cvtochrom e b5
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F igure 3 .5  E ffec t o f tra n sp la n ta tio n  o f hepatoma on b ip heny l 4-h yd ro xy la se
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F igure 3 .6  E ffec t o f hepatoma tra n sp la n ta tio n  on m alonaldehyde.
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I I L ive rs  o f an im als tra nsp la n ted  w ith  107 c e lLs 
|^j Hepatoma tis su e
and one group were tra nsp la n ted  w ith  5 x 1 0  v ia b le  tum our c e lls  as 
described  in sec tion  3 .6 .
One month fo llo w in g  the tra n sp la n t the an im a ls  o f con tro l and te s t 
groups were a n a e s the tize d , b led by ca rd iac  punctu re , sa c rif ic e d  by c e rv ic a l 
frac tu re  and the l iv e r ,  k idn e ys  and any hepatoma tis s u e  were removed and 
w e ig h e d .
y -G lu tam yl transpep tidase  a c t iv ity  was measured in  the serum and 
the p o s t-m ito ch o n d ria l supernatant o f the tis s u e  hom ogenates. Portions 
o f the liv e r  and hepatoma homogenate were sub jected  to  d if fe re n t ia l 
c e n tr ifu g a tio n  us ing  the fo rces es ta b lish e d  by A m ar-C o s te se c  e t a l . (1974) 
as fo llo w s :
500 g fo r  10 m in -  in ta c t n u c le i and c e ll deb ris  pe lle ted  
supernatant 5 ,000  g fo r  10 m in -  m itochondria  pe lle ted  
supernatant 13 ,500 g fo r  15 m in -  lysosom es pe lle ted  
supernatant 104,000 g fo r  1 h -  m icrosom es pe lle ted
supernatant 104,000 g fo r  2 h -  m icrosom es p e lle te d , s u p e rn a ta n t-c y to s o l.
The y -g lu ta m y l trans  peptidase assay was performed on each fra c tio n  
a long w ith  p -n itro p h e n y l ace ta te  esterase as a m arker enzym e. The p- 
n itro p h e n y l ace ta te  esterase a c t iv ity  was determ ined by the  method o f 
Beaufey et a_l. (1974).
The re su lts  are summarized in Tables 3 .5 ,  3 .6  and 3 .7 .
Table 3 .5  y -G lu ta m y l tran sp ep tidase  a c t iv ity  In the tis s u e s  o f
an im a ls tra nsp lan ted  w ith  hepatoma and co n tro l an im a ls
T issue Mean y -g lu ta m y l transpep tidase  a c t iv ity % o f 
co n tro l
C on tro l Test
Serum
m U /m in /m l
2 6 .8  + 2 .6 180 ■ + 1 0 .6 680
Norm al l iv e r  
m U/m  in /m g 
prote in
1 0 .4 + 1 .7 8 .15  + 1 .3 85
Hepatoma tis s u e  
m U/m  in /m g  
prote in
. 50 .5  + 5 .6 480
K idney 
m U /m in /m g  
prote in
1 .2  + 0 .14  x  10 1 .5  + 0 .2  x  10 126
mU = nmole p -n itro a n illn e
Table 3 .6  % y -G lu ta m v l trans  peptidase o f con tro l l iv e r
°/o P V50
T issue
%  r  q r
% p-450 le v e l o f co n tro l l iv e r
C on tro l an im als 1 .00
norm al l iv e r
Test an im a ls 1 .06
normal l iv e r
Hepatoma tis s u e 1 .8
Table 3 .7  S fib ce llu la r fra c tio n a tio n  o f Y -g lu tam yl trans peptidase
F rac tion y -G lu ta m y l trans  peptidase 
% o f to ta l a c t iv ity
M arker enzyme • 
p -N itro  phenylace ta te  
esterase 
% o f totaL a c t iv ity
s
C ontro l
l iv e r
«< He patom'a Experim enta l L ite ra tu re
N u c le i (crude) 24.1  < , 21 .3 20 .4 13 .3
M itochond ria 2 8 .4 3 6 .5 4 .1
7 .4
Lysosom es -  39 .3 3 2 .2 4 .9
M icrosom es 8.2 6 .4 61 .6 6 8 .8
Soluble ' 3 .7 10.6 1 0 .5
The lite ra tu re  va lue s  fo r p -n itro p h e n y la ce ta te  este rase were 
ob ta ined  from A m ar-C ostesec (1974)
/
3,. 14 MACROPHAGE ADHERENCE IN H IB IT IO N  IN  RATS BEARING
TRANSPLANTABLE HEPATOMAS
Two groups o f an im a ls were set up as described  in se c tio n  3 .13 .
On s a c r if ic e  the l iv e r  and hepatoma tis s u e  o f te s t an im a ls and the l iv e r  o f 
co n tro l an im a ls was hom ogenized as described  in  sec tion  3 .12 .
The macrophage adherence in h ib it io n  assay was performed as described  
in section  3 .11  and the  re s u lts  are summarized in  Table 3 .8 .
3 .1 5  THE EFFECT OF STORAGE ON THE DRUG METABOLIZING 
ACTIVITY OF LIVER AND HEPATOMA TISSUE
SampLes o f the p o s t-m ito ch o n d ria l supernatants o f the hepatoma t is s u e ,
•* -
l iv e r  o f an im a ls bearing tum ours and liv e r  o f co n tro l an im a ls  prepared 30 
days fo llo w in g  tra n sp la n ta tio n  as in section  3 .12  were stored a t -4 0 °  C 
in 66 mM T r is /H C l b u ffe r, pH 7 .4 ,  co n ta in in g  EDTA (10 mM) and sucrose 
(0 .2 5  M) in 1 m l a liq u o ts .
. A liq u o ts  were te s te d  fo llo w in g  12, 36 and 60 h storage fo r  the drug 
m e ta b o liz in g  a c t iv ity  exam ined in sec tion  3 .1 2 .
The re s u lts  are summarized in F ig s . 3 .7  to  3 .1 3 .
Table 3 . 8 R esults o f macrophage adherence in h ib it io n
Group % Adherent c e lls
I . 40 .9
I I  68 .4
I I I  7 1 .4
IV 67 .7
V ? 70 .2
V I 69 .4
■ps
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In h ib it io n  
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DISCUSSION
D uring  the 15 days fo llo w in g  tra n sp la n ta tio n  o f the hepatoma tis s u e  
no s ig n if ic a n t changes in  any o f the  parameters stud ied  cou ld  be observed 
in the te s t a n im a ls . T h is  Latent period was probabLy due to  the  developm ent 
o f an adequate v a s c u la r system  before the rap id  grow th o f the tum our between 
1 5 - 3 0  d a y s .
The Low le ve ls  o f m icrosom al h yd ro xy la tio n  in the tum our t is s u e  and 
in the Livers o f the host an im a ls  corroborate the  fin d in g s  o f Sugimura et a l . 
(1966) and Brown e ta_ l. (1971). The low  Levels in  the liv e rs  have p re v io u s ly  
been exp la ined  by the presence o f a c irc u la tin g  in h ib ito r  to  drug o x id a tio n s  
in tum our bearing an im a ls  (Brown et a j , . , 1971). A lthough the presence o f
such in h ib ito rs  appears unden iab le  i t  is poss ib le  th a t the  decrease is  due , 
a t teast in pa rt, to  a genera l w as ting  o f the tis s u e  as shown by the 
l iv e r  and body w e igh ts  (Table 3 .2 ) .
There was a decrease in the h yd ro xy la tio n  o f b iphe ny l a t both  the 
2 -and 4 - po s itio n s  a lthough  the ra tio  o f 4-h y d ro x y :2 -h yd ro xy  decreased 
from 9:1 in co n tro l liv e rs  to  5:1 in Livers o f te s t an im a ls to  1:1 in hepatoma 
t is s u e . Th is change may be due to a number o f reasons:
1) The liv e rs  o f te s t an im a ls and the hepatoma tis s u e  may have reverted  
to  a fo e ta l-1  ike sta te where the low er Levels o f m e ta bo lic  enzym es and
a low er 4 -h yd ro xy la se :2 -h yd ro xy la se  ra tio  e x is ts .  ■
2) The co fa c to r requirem ents o f the tw o enzyme system s in ham ster are 
d iffe re n t (McPherson et a j_ ., 1974; Bridges et a j . . , 1973) and hence any 
a lte ra tio n  o f n u tr it io n  brought about by the tum our grow th cou ld  a ffe c t the
a c t iv ity  o f the tw o  enzymes d if fe re n t ly .
3) The tw o  enzyme system s are in h ib ite d  to  d if fe re n t degrees by m e tabo lic  
in h ib ito rs  (McPherson e t a l . , 1974). I t  is poss ib le  th a t a c irc u la tin g  
in h ib ito r  cou ld  re s u lt in  an a lte ra tio n  o f ra tio s  o f enzyme a c t iv i t y .
4) Ham ster b iphen y l 2 -h yd ro xy la se  is  more s tab le  to  storage a t -2 0 °C  
than the 4-hydroxyLase (Bridges e t a_l. ,  1973). Th is may in d ica te  a 
g rea te r s u s c e p t ib ility  to  breakdown under adverse co n d itio n s  e .g .  membrane 
in s ta b il i ty  as assoc ia ted  w ith  these tum ours .
The m etabolism  o f substra tes  bound in both a Type I  (e .g .  biphenyL) 
or Type I I  (e .g .  a n ilin e ) manner is  a ffec ted  and so i t  wouLd appear th a t 
i t  is  the m etabolism  and not the type  s p e c if ic  b ind ing  w h ich  is  a ffe c te d .
Since there  appears to  be no production o f excess AFP by the liv e rs
o f tum our bearers i t  is  u n lik e ly  th a t the  f i r s t  postu la te  is  the answ er.
•»
Both the hepatoma tis s u e  and liv e rs  o f te s t ra ts  possess h igh  le ve ls  
o f lip id  pe rox ida tion  as measured by the malonaLdehyde techn ique  (F ig .3 .6 ) .  
T h is , when considered a long w ith  the decreased s ta b i l i ty  o f the enzyme 
system s to  storage (F ig s . 3 .7  to  3 .1 3 ) , in d ica te s  a lowered s ta b i l i ty  o f 
both  in te rna l and e x te rn a l membrane s tru c tu re s . T h is  may be another
\
exp lana tion  o f the decreased c a p a c ity  and a lte red  ra tio  o f b ip h e n y l 
h yd ro xy la se s . I t  is  known th a t in a c tiv a tio n  o f the m icrosom al m ixed 
fu n c tio n  ox idase  system  is  re la ted  to  the in it ia t io n  o f l ip id  p e rox id a tion  
and m igh t be re le va n t in th is  s itu a tio n .
I t  appears th a t the h igh  c irc u la tin g  Levels o f AFP are due to  a v e ry  
h igh  production ra te  by the hepatoma tis s u e  i ts e lf  (Table 3 .4*). A lthough
a s lig h t increase in the AFP le ve l o f the l iv e r  is  observed th is  can easiLy 
be accounted fo r by a s lig h t con tam ina tion  o f the tis s u e  w ith  blood due to  
l iv e r  e xc is io n  w ith o u t p rio r p e rfu s io n . Th is in d ica te s  th a t there  are no |
t
c irc u la tin g  fa c to rs  secreted by tum our c e lls  w h ich  are capable  o f 
s tim u la tin g  AFP production  in the non-tum orous c e lls  by e .g .  de re p re ss io n .
I t  a lso  appears th a t a t th is  stage there were in s u ff ic ie n t m e ta s ta tic  tum our 
c e lls  in the Liver to  produce m easurable q u a n tit ie s  o f AFP.
■" {
The s tud ies  w ith  the macrophage adherence in h ib it io n  (Table 3 .8 )
e s ta b lis h  th a t AFP is not the an tigen  w h ich  a c tiv a te s  the c e ll-m e d ia te d
i immune response to  tum ours . Such an tigens do e x is t in  these tum ours and
since  the in h ib it io n  o f macrophage adherence can be b locked by serum from
the same an im a ls b lo ck in g  fa c to rs  a lso  e x is t .  I f  the theo ry  o f b lo ck in g
fa c to rs  being composed o f a n tig e n -a n tib o d y  com plexes is  co rre c t then the
.tum our an tigen  m ust be im m unogenicaLly a c t iv e .
I t  can be seen from the re s u lts  o b ta in e d , (Table 3 . 5) th a t tra n s ­
p la n ta tio n  o f e th io n in e -in d u ce d  tum our in to  hooded ra ts  brought about 
a s ig n if ic a n t increase in the Level o f y -g lu ta m y l trans  peptidase in the 
serum o f these anim aLs. I t  w ou ld  a lso  appear th a t the increase in the 
c irc u la tin g  a c t iv ity  o f th is  enzyme is  de rived  from the hepatoma tis s u e  
and not by an increase in the a c t iv ity  o f the normal d is t in c t  L iver. S ince 
the k id n e y  con ta ins  a much h ighe r a c t iv ity  o f y -g lu ta m y l trans  pe p tida s e , 
assay o f the enzyme was compared in the k idney  o f te s t and co n tro l anim aLs. 
From the re su lts  obta ined no s ig n if ic a n t increases cou ld  be observed due 
to  tra n sp la n ta tio n  in the to ta l k id n e y  a lthough an increase cou ld  be observed 
when the re su lts  were expressed per mg p ro te in . Th is  was due to  the fa c t 
th a t the w e igh ts  o f a l l  in te rna l organs were decreased in the te s t anim aLs.
C oLtorti e t a l . (1973) have shown th a t the a c t iv ity  o f the enzyme in 
the m icrosom al fra c tio n  o f m ice is  increased on trea tm ent w ith  pheno- 
b a rb ito n e , and th a t th is  induc tion  p a ra lle ls  the le ve l o f cytochrom e P-450 
th roughout the course o f trea tm ent and a fte r cessa tion  o f tre a tm e n t. From 
the re s u lts  in Table 3 .6 i t  w ou ld  appear th a t the increase in the  y -g lu ta m y l 
trans peptidase a c t iv ity  is  not due to  generaL in d u c tio n . In  fa c t i t  can be 
seen (F ig . 3 .3) th a t the le ve l o f cytochrom e P-450 is  low er in  the l iv e r  o f 
the te s t an im a ls  (80%) and Lower s t i l l  in the hepatoma tis s u e  (61%), when 
compared to  normaL liv e r  o f the co n tro l anim aLs.
The decrease in both y -g lu ta m y l trans peptidase a c t iv ity  and cytochrom e 
P-450 le ve ls  in the liv e rs  o f the  te s t an im a ls  was thought to  be due to  the 
genera l w as ting  o f the o rgans. In  both the l iv e r  and hepatoma tis s u e  o f 
te s t an im a ls  the decrease in cytochrom e P-450 was not though t to  be due 
to  increased breakdown o f the haem oprote in as no increase in the production  
o f P -420 , a n o n -a c tiv e  degrada tion  product o f P -450 , was found on the  
a d d itio n  o f carbon m onoxide before d ith io n ite  in the assay sys tem .
I t  may be th a t i t  is  the p re v io u s ly  m entioned increase in  membrane 
f r a g i l i t y  w h ich  re s u lts  in the increase in the c irc u la tin g  Level o f y -g lu ta m y l 
trans peptidase as observed by the serum le ve l o f the enzyme in the te s t 
an im a ls (Table 3 .5 ) .
F ia la  (1972) and C oLtorti (1973) have both s ta ted th a t y -g lu ta m y l 
trans  peptidase a c t iv ity  cou ld  not be found in the so lub le  fra c tio n  o f ,  
hepatoma tis s u e  o f ra ts , normaL mouse l iv e r ,  o r Liver o f phenobarbitone 
trea ted  m ice re s p e c t iv e ly . F ia la  (1972) does s ta te , how ever, th a t approx . 
4% o f the homogenate a c t iv ity  could be extrac ted  w ith  bu ffe r soLution from 
acetone powdered t is s u e . In  the present s tudy (Table 3 .7 ) a c t iv it y  was
observed in the so lub le  fra c tio n  o f hepatoma tis s u e  but no a c t iv ity  could 
be found in the so lub le  fra c tio n  o f normaL liv e r  o f co n tro l animaLs w h ich  
had been trea ted  id e n t ic a lly .  A c t iv ity  o f y -g lu ta m y l trans  peptidase was 
a lso  observed in the m icrosom al fra c tio n  o f both the liv e r  o f con tro l an im a ls 
and hepatoma t is s u e . In  co n tra s t F ia la  (1972) s ta tes  th a t whereas the * 
m icrosom al fra c tio n  o f hepatoma c e lls  con ta in  the g rea tes t percentage o f 
a c t iv ity  he cou ld  observe no such a c t iv ity  in th is  fra c tio n  oi
The a c t iv ity  o f the y -g lu ta m y l transpep tidase  in  the so lub le  fra c tio n  
o f the hepatoma c e ll  homogenate may be due to  e ith e r a) the non-membrane 
bound Y -g lu ta m y l trans  peptidase being syn thes ised  by hepatoma tis s u e  as 
w e ll as the membrane bound enzyme observed in normaL l iv e r  hom ogenate, 
or b) the y -g lu ta m y l trans  peptidase may be removed from the membrane o f 
hepatoma tis s u e  by the hom ogen iza tion  and ce n tr ifu g a tio n  procedures used. 
Since no m easurable a c t iv ity  was observed in the so lub le  fra c tio n  o f the 
id e n t ic a lly  trea ted  controL normaL Liver th is  la tte r  phenomenon w ou ld  requ ire  
the change in membrane s ta b i l i ty  p o s tu la ted . I t  w as not poss ib le  to  observe 
any s ig n if ic a n t d iffe re n ce s  in  the Km va lue s  o f the enzyme in the so lub le  
fra c tio n  o f hepatoma c e lls  from those o f the membrane bound enzym es o f 
normal Liver or k id n e y  tis s u e s  fo r the substra te  y -g lu ta m y l p -n it ro a n ilid e  .
A ll the Km va lu e s  were in  the range o f 1 .0  mM w h ich  corresponds fa vo u ra b ly  
w ith  the re s u lt ob ta ined fo r the  serum enzyme by Szasz (1969). Th is  does 
n o t, how ever, ruLe ou t the p o s s ib il i ty  th a t the so lub le  and membrane bound 
a c t iv it ie s  are brought about by d iffe re n t' isoenzym es o f Y -g lu ta m y l tra n s -  
peptidase o f w h ich  one or both may have been observed in the s ix  isoenzym es 
shown to  be present by Patel and O 'Gormon (1973) in  serum .
liv e r  hom ogenates.
CHAPTER FOUR
THE EFFECT OF CARCINOGENS AND NON-CARCINOGENS 
ON CULTURED LIVER CELLS
INTRODUCTION
4 .1  THE CHEMICAL ISOLATION OF CELLS
Since the observa tion  o f H erbst (1900) th a t sea u rch in  larvae 
d is in te g ra te d  in to  s in g le  ceLLs in ca lc iu m -fre e  sea w a te r, the rem oval o f 
d iv a le n t ca tio ns  has been used as an in te g ra l part o f is o la tin g  c e lls .  
D ep le tio n  o f these ions a lo n e , e .g .  w ith  ch e la tin g  agen ts , is  not g e n e ra lly  
s u ff ic ie n t fo r to ta l d isp e rs io n  o f t is s u e s  and subsequent trea tm ent w ith
I
t ry p t ic  enzymes was used by M oscana (19 52). Enzymic d is s o c ia tio n  was 
e a r lie r  observed by Rous and Jones (1916), W illm e r (1945) and M edaw ar 
(1941) and a l l  used try p s in  as the d isp e rs in g  enzym e. Since try p s in  does 
not ac t on co llagen  i t  was not ve ry  u se fu l fo r is o la tin g  c e lls  from a d u lt 
t is s u e s . Las farques (1957) used p u rified  co llagenase  to  is o la te  c e lls  
from tis s u e s  r ic h  in co llagen  and more re c e n tly  co llagenase  has been used 
e ith e r a lone (R odbe ll, 1964), w ith  try p s in  (Sobel, 1958) o r w ith  hya lu ro n ida se  
(Howard et a j, . , 1967, 1968), the la s t system  being the m ost com m only used . 
M any o ther techn iques have been used and have been rev iew ed (M oscana 
e ta ] , . ,  1965; F ry , 1974; Seglen, 1976).
4 .2  THE CULTURE OF CELLS
Iso la te d  c e lls  in suspension do not rem ain v ia b le  fo r  longer than  a 
few  h ou rs . Th is v ia b le  period va rie s  w ith  the techn iques used but is  
o n ly  o f Lim ited va lu e  Ln to x ic i t y  or c a rc in o g e n ic ity  te s tin g  . W hen is o la te d
c e lls  in s te r ile  n u tr ie n t media are aLlowed to  s e ttle  they  a ttach  to  ce rta in
s
su b s tra ta , spread o u t, and begin  to  assume the c h a ra c te r is tic  m orphology 
o f th e ir  de rived  t is s u e . These preparations can be m ain ta ined fo r longer 
periods and, depending upon the t is s u e  and p re va ilin g  c o n d it io n s , may 
grow  and d iv id e  to  form m onolayer c u ltu re s . The ceLls o f these  prim ary 
cu ltu re s  can be detached from the substra ta  by the use o f enzym ic methods 
and su b cu ltu re d . U s ing  these techn iques pure c e ll Lines o r ig in a tin g  from 
a s ing le  c e ll can be produced and by fu rthe r subcu ltu ring  can e x is t in a 
v ia b le  c e l l - l in e  in d e f in ite ly  or th e y  can be stored in a frozen sta te  
! u n t i l  re q u ire d . The substra ta  can incLude g la s s , p la s t ic ,  co lla g e n  or 
agar and may be va rie d  accord ing  to  the use to  w h ich  the c e lls  are to  be 
put (Kruse and P a tte rson , 1973). A large number o f d if fe re n t t is s u e s  have 
been cu ltu red  and a few  exam ples are shown in Table 4 .1 .
4 .3  FUNCTIONS OF ISOLATED AND CULTURED CELLS OF
THE LIVER
Iso la te d  c e lls  have been used in many branches o f b io lo g ic a l sc ience  
in recent years va ry in g  from bas ic  research to  the com m ercia l c u lt iv a t io n  o f 
v iru s e s  fo r a n tito x in  p rodu c tion . M a jo r uses have been in the s tudy  o f 
the m e tabo lism , to x ic i t y ,  c a rc in o g e n ic ity  and in te r - re la t io n s h ip  betw een 
endogenous or exogenous ch e m ic a ls . The cu ltu re  o f l iv e r  c e lls  has been 
o f g rea t va lu e  in these  s tud ies  due to  the fu n c tio n a l-h e te ro g e n e ity  o f th is  
t is s u e  by both perform ing the m etabolism  o f xe n o b io tic s  and a lso  re a c ting  
to  the m e tabo lites  show ing m easurable e ffe c ts . Th is  fu n c tio n a l h e te ro -
Table 4 .1  Examples o f C e ll C u ltu re  Systems Reported in the L ite ra tu re
T issue Anim al Reference
Adrenal C ortex 
Pancreas 
P itu ita ry  
Adipose
V ascu la r E p ithe lium
M y o b la s ts /M y o c y te s
Skin
Mammary Tumour 
K idney
SkeLetal M usc le  
O vary
A du lt Human 
N eonata l Rat 
A d u lt Rat 
A du lt Human 
A du lt Human 
N eonata l Rat 
A du lt Guinea Pig 
A du lt Human 
A du lt M onkey 
N eonata l Rat 
A du lt M ouse
Armato e t a I . (1974)
Braaten et a j.. (1974)
B iswas and T a sh jia n  (1974) 
D ixo n -S h an ie s  e t a_l. (1975) 
Gimbrone e t a_l. (1974) 
M asse and H arary (1974) 
P rottey e t a I . (1974) 
Lasfarques (1973)
H u l l e t a l .  (1973)
Yaffe (1973)
Owens (1974)
Taken from Fry and Bridges (1977)
g e n e ity  is  due to  the great v e r s a t i l i ty  o f hepa tocytes and to  the d if fe re n t 
c e ll  types present in the l iv e r .  These c e ll  types and th e ir  re la tiv e  
abundances are shown in Table 4 .2 .
A large number o f fu n c tio n s  have been stud ied  in liv e r  c e lls  iso la te d  
by va rio us  techn iques and these inc lude : the syn thes is  o f v e ry  lig h t 
d e n s ity  lip o p ro te in s  (Teejeebhoy et a l . , 1975), lip ogen es is  in genera l 
(Geelen and G ib so n , 1975), the b io syn th e s is  o f AFP, a lb u m in , haem opexin 
and hap tog lob in  (Se ll e t a l . ,  1975), fib rin o g e n  lo c a liz a tio n  (G u illo u zo  
et a L  , 1975), the syn the s is  o f transcoba lam in  I I  (Savage and G reen, 1976), 
g ly co g e n o lys is  (Seglen, 1973), th e .e ffe c t o f g lucagon and ep inephrine  
(W agle and Ingeb re tsen , 1973), the induc tion  o f tryp tophan  oxygenase and 
AFP by g lu c o c o rtic o id s  (Berg et a l . ,  1972, de Nechaud et a l . ,  1976) and 
the uptake o f b rom osu lphoph tha le in  (van B ezoo ijen , 1976).
-The m etabolism  o f x e n o b io tic s  in  c e ll suspension or c e ll cu ltu re  system s 
has been observed us ing  a w ide range o f model substra tes (Table 4 .3 ) 
u t i l iz in g  a w ide range o f enzym ic system s (Table 4 .4 ) and much pharmaco­
lo g ic a l data has been accum ulated by such te ch n iq u e s .
4 .4  CELL CULTURES IN  CYTOTOXICITY TESTING
In  sp ite  o f the obv ious problems o f re la tin g  in v it ro  re s u lts  to  the 
in v iv o  system appropria te  c e ll cu ltu re  system s are capab le  o f p rov id ing  
an a d d itio n a l method o f screening fo r the c y to to x ic ity  o f c h e m ic a ls .
Ferguson and P rottey (1973) re la ted  c y to to x ic ity  w ith  the decrease in
Table 4 .2  The c e ll  types o f mammalian l iv e r
T issue 
Parenchyma 
Reticu lo-Endothe lla  I
B ile  D uc t
C onnective  T issue 
Blood
Blood V esse l W a lls
C e ll c lasse s
H epatocytes
L it to ro l (Kupffer and 
u n d iffe re n tia te d  lin in g  
c e lls )
B ile  D uc t E p ithe lium
F ib rob la s ts
M acrophages
E ryth rocytes  
Leucocytes 
Plasma c e lls
F ib ro b la s ts  
Pavement ep ithe liu m
Site
In tra lo b u la r
In tra lo b u la r
In te r lo b u la r
In te r lo b u la r
In te r and in tra lo b u la r 
In te r  and in tra lo b u la r
D is tr ib u tio n  o f c e ll types in mammalian l iv e r
C e ll type  Rat(%) Man (%)
Parenchymal 6 0 .6  84 .2
L it to ra l 3 3 .4  14 .7
B ile  D u c t 2 .0  0 .6
C onnective  T issue  2 .2  0 .2
Blood V esse l W a lls  1 .8  0 .3
Taken from F ry , 1974; D ao u s t, 1958; Gates e t a l . ,  1961
Table 4 .3  Phase 1 M etabo lism  o f xe n o b lo tlc s  in c e ll suspension or 
'  c e ll cu ltu re
Substrate fo r phase 1 
m etabo lism
ethylm orph ine
a n ilin e
3 ,4 -benzpyrene  
a lp re n o lo l
d ip h e n y lh yd a n to in  
* b iphen y l
e thoxycoum arin
1 -n a p h th y l-N -m e th y l 
carbam ate
d lm ethoate
am inopyrine
c h lo ro c y c liz in e
d im ethy lbenzan th racene
m ethylbenzanthracene
ii
benzo(q)pyrene
System 
Iso la te d  hepa tocytes
n ii
n M
|| w
II II
•' II
" II
Human em bryonic lung
n ii ii
n *1 ii
ii '< »t
Prim ary mouse embryo c e lls
ii ii ii ii
human lym phocytes 
human sk in  ep ithe lium
Reference
H oltzm an et a l .
(1972)
V ad i e t a l .  (1975)
M o ldeus et a l . 
(1974)
Inaba e t a4. (1975)
W ie b k in  e t a l . 
(1976)
F ry  e t a_l. (1976)
Baron & Locke 
(1970)
N orth  & M enzer
(1972)
Poland & Kappas 
(1971)
Poland & Kappas
(1973)
Sims (1970)
Sims (1970)
Boothe et a l .
(1974)
Fox e t ad. (1975) 
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scheduled DNA syn thes is  in f ib ro b la s ts  w h ile  o ther parameters o f to x ic it y  
th a t have been used are the in h ib it io n  o f c e ll d iv is io n  (P h ill ip s , 1973; 
D o lf in i e t a j.. ,  1973; Bastert e t a_l. ,  1975), the deco lou ra tion  o f sodium 
2 , 6 -d ich lo ro p h e no lin d o p he n o l (Paosia , 1974) and leakage o f in tra c e llu la r  
enzymes (Goto et a L  , 1976). The use o f c e ll cu ltu re s  in to x ic it y  te s tin g  
has been d iscu sse d  by Rofe (1971).
4 .5  CARCINOGENICITY TESTING IN  CELL CULTURES
The use o f c e ll cu ltu res  iri the developm ent o f sho rt-te rm  screen ing  
te s ts  fo r ca rc inogenes is  has been inve s tig a te d  e x te n s iv e ly  in recen t 
ye a rs , and can be d iv id e d  in to  a number o f ca tego ries  based upon the 
e n d -p o in t o f the rea c tion  used .
a) Chrom osal Aberra tions
A lthough the ro le  o f chromosomal aberra tions in  the deve lopm ent o f 
cancer is  s t i l l  debatab le  the c lose  re la t io n s h ip  between the tw o  has been 
w e ll e s tab lished  (A tkin and Baker, 1966; Kuriton et a L  , 1969; B arthe lm ess, 
.1970; Evans and O 'R io rdan , 1975). The sho rt-te rm  human lym phocyte  
cu ltu re  is  perhaps the m ost com m only used system a lthough m e ta b o lic  
a c tiv a tio n  is  s t i l l  the m ajor problem , how ever, th is  can be jovercome by 
the use o f m e tabo liz ing  c e lls  in c u ltu re .
b) M utagenesis
✓
Ames e t a l.  (1973) and M cCann etaJL. (1975) have shown the c lose  
re la t io n s h ip  between c a rc in o g e n ic ity  and m u ta g e n ic ity / us ing  b a c te r ia l 
te s te r  sys tem s,tha t w ould  be expected from the som atic m uta tion  the o ry  
o f ca rc in o g e n e s is . Th is system ac ts  o n ly  w ith  u ltim a te  carc inogens * 
and thus requ ires  m e tabo lic  a c tiv a tio n  o f p reca rc inogen s . A system  o f 
mammalian c e ll-m e d ia te d  m utagenesis was developed by c o -c u lt iv a t io n  
o f the ham ster V79 c e lls  w ith  le th a lly  irrad ia te d  rodent c e lls  (Huberman
and Sachs, 1974) . C o -c u lt iv a tio n  was necessa ry  s ince  the ham ster c e lls
Cb .
w h ich  can be m utated from 8-az^guan ine  s u s c e p t ib ility  to  re s is ta n ce  do
not m e tabo lize  p o ly c y c lic  hydrocarbons. The use o f mammalian c e lls
&
capable o f m uta tion  e ith e r to  8-az^.guanine re s is ta n ce  or tem perature 
s e n s it iv ity  (Yamaguchi and W e in s te in , 1975) may e v e n tu a lly  lead to  a 
system  where the c e lls  perform the fu n c tio n  o f a c tiv a tio n  as w e ll as 
p rov id ing  the method o f q u a n tita t io n . Further d is c u s s io n s  on the  p re d ic tive  
va lue  o f m u ta g e n ic ity  te s tin g  are g iven  by Bartsch (1976) and DeSerres (1975) 
and some re s u lts  are shown in  T a b le d *
c) DNA Repair Synthesis
The re co g n itio n  o f the re p a ir to  DNA damage by the c e lls  them se lves  
in it ia te d  the idea o f u t i l iz in g  th is  process as an in d ic a to r o f the a c t iv it y  
o f a ca rc ino gen . M any o f the techn iques fo r es tim a ting  DNA re p a ir  
syn thes is  are cumbersome and tim e consum ing but a number cou ld  be 
adequate fo r la rg e -sca le  screening o f c h e m ica ls . The m ost d ire c t ev idence
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o f DNA re p a ir is  ob ta ined by exam in ing s h ifts  in  sed im enta tion  p ro file s  o f 
DNA where the re tu rn  o f broken DNA strands o f low  m o lecu la r w e igh t to 
the o r ig in a l m o lecu la r w e ig h t can be quan tita ted  and in te rpre ted  as ev idence 
o f DNA re p a ir . Th is techn ique  was used to  exam ine the fo rm ation  and 
re p a ir o f s ing le  strand breaks in cu ltu re d  mammalian c e lls  brought about 
by UV lig h t,  m e thy la tin g  agents and 4 -n it ro q u in o lin e - l-o x id e  (W alker and 
S ridhar, 1976). The more com m only used techn ique  invo lve s  the e s tim a tio n  
o f the ra te  o f inco rpo ra tion  o f DNA precursors in to  nuc lea r DNA or a t lea s t 
in to  the nucleus fo llo w in g  damage by p h ys ica l or chem ica l a g e n ts .
* D is t in c t io n  between inco rpo ra tion  by re p a ir processes and inco rpo ra tio n
by scheduled DNA syn thes is  is  obta ined by using a DNA syn th e s is  in h ib ito r ,
hydroxyurea (Brandt e t ja l. , 1972), o r by incuba tion  o f the c e lls  in  medium
d e fic ie n t in a n u tr ie n t requ ired  fo r scheduled DNA syn th es is  e .g .  medium
low  in  a rg in ine  (S tich  and San, 1970). A lte rn a tiv e ly  the c e lls  can be
grown to  form a con fluen t m onolayer when re p lic a tiv e  syn thes is  is  prevented
by co n tac t in h ib it io n . A number o f DNA precursors have been used in  such
s tu d ie s  in c lu d in g  iododeoxyurid ine , brom odeoxyurid ine and m ost com m only 
14 3e ith e r [ C ]o r [ H] th y m id in e . The uptake o f precursors may be es tim a ted  
b y  a decrease o f a c t iv ity  in  the  cu ltu re  medium (Ba irstow  and H e id e lb e rg e r, 
1975) ,  b y  the ra d io a c t iv ity  present in  ex trac ted  DNA (Berneman e t a j . . , 1975) 
o r b y  au to rad iograph ic  q u a n tita tio n  o f the number o f tr it iu m  g ranu les  in a 
nuc leus  (S tich and San, 1970). A l is t  o f compounds shown to  increase  
unscheduled DNA re p a ir is  shown in Table 4.6.
e) C e il T ransform ation
C h e m ica lly  induced trans fo rm a tion  in v it ro  o f va rio u s  c e ll  system s has
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been observed by a number o f in v e s tig a to rs . Table 4 .7  shows a number 
✓
o f the c e ll  types used, the transfo rm ing  agent and the method o f te s tin g  
fo r tra n s fo rm a tio n . The e x is tence  o f a great number o f v a r ia b le s  in 
techn iques has led to  c o n tra d ic to ry  re s u lts . W ith  trans fo rm a tion  s tud ies  
i t  is  e sse n tia l th a t the c e lls  used are a d iv id in g  popu la tion  and hence 
fo e ta l c e lls  o r f ib ro b la s ts  were o ften  used w h ich  were d e fic ie n t in 
m e tabo liz ing  p o te n tia l or led to the production  o f sarcomas on back tra n s ­
p la n ta tio n  into  a n im a ls . Since the m a jo r ity  o f env ironm enta l cancers 
are ca rc inom as, c e ll lin e s  o f e p ith e lia l nature were then u se d . Th is  was 
not w h o lly  su cce ss fu l as these c e ll lin e s  tended to  produce a h igh  
percentage o f spontaneously  transform ed c e lls .  The m ost su cce ss fu l 
c r ite r ia  used fo r trans fo rm a tion  at the present tim e  are loss  o f co n ta c t 
in h ib it io n , dem onstrated by the p roduction  o f c r is s -c ro s s  g row th , p iled  
up fo c i or the a b il i ty  o f c e lls  to  grow  in 0.33%  agar (D iM a yo rca , 1973).
T he -la s t o f these appears to  show the h ig h e s t co rre la tio n  w ith  tum our
production  on b a c k tra n s p la n ta tio n . , ^  t,JJ
Ghr ''
U.
f) C v to lo g ic a l A lte ra tio n s
An increased m ito tic  index in the ta rg e t tis s u e s  has o ften  been a sso c ia ted  
w ith  chem ica l ca rc inogenes is  (Bryan, 1960; Pound, 1968; M asters ,1976), 
w h ile  nuc lea r enlargem ent o f hepa tocytes and a lte ra tio n s  in n u c le o la r 
s truc tu re  have been observed a fte r trea tm ent w ith  many chem ica ls  (Jackson, 
1974; Svoboda, 1968). A lte ra tio n s  in membranes by chem ica l ca rc inogens 
have resu lted  in leakage o f in tra c e llu la r  enzymes (P ietras and Szego, 1976) 
and as s tru c tu ra lly  abnormal in tra c e llu la r  m em branes. These changes may
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be the  cause o f,  or caused b y , tum our fo rm a tion  (W illia m s  and R abin, 1971; 
D e launay and S chapira , 1974), o r ju s t a v is ib le  s ide re a c tion  not d ire c t ly  
re la ted  to  c a rc in o g e n e s is .
The use o f liv e r  c e ll cu ltu re s  in research  on m etabolism  and to x ic ity  
te s tin g  has a number o f advantages ove r the more commonly used techn iques  
o f in v iv o  experim ents and s u b c e llu la r fra c tio n  s tu d ie s .
a) I t  is  not as c o s t ly  as in  v iv o  experim en ts .
b) Large numbers o f te s t and co n tro l cu ltu re s  can be set up from one 
an im a l and hence the study o f fa c to rs  a ffe c tin g  m etabolism  can be stud ied  
w ith o u t the d if f ic u lt y  o f the in d iv id u a l v a r ia t io n s  com m only observed in
in  v iv o  e xp e rim e n ts .
c) These system s are e s s e n t ia lly  free from v a ria b le s  such as n u tr it io n  
and endocrine a c t iv it y .
d) G reater co n tro l can be exerted over the co ncen tra tion  o f te s t
t is s u e .
e) Human tis s u e s  w h ich  are no rm a lly  un ava ila b le  fo r s tudy can be 
• in v e s t ig a te d .
f) Both phase I  and phase I I  m etabolism  o c c u rs .
g) M e tabo lism  may be p ro found ly  in fluenced  by m ito ch o n d ria l co n tro l 
over co fa c to r le ve ls  and hence may a lte r  the ra tio s  o r even fo rm a tion  o f 
ce rta in  m e ta b o lite s .
substance reach ing  the p a rtic u la r t is s u e  and the tim e o f exposure o f the
h) The presence o f both an in ta c t c e l l  membrane and a drug m e tabo liz in g  
system may be o f im portance in de te rm in ing  ce rta in  pharm acok ine tic  para­
m eters .
i) I t  is  p oss ib le  to  make d ire c t s tud ies  on in tra c e llu la r  changes.
T issue  cu ltu re  a lso  possesses d isadvan tages nam ely the ha nd ling  o f 
sm a ll numbers o f c e l ls ,  the requirem ent fo r h igh  s e n s it iv ity  te ch n iq u e s , 
the express ion  o f re su lts  and, s ince  the c e lls  are u s u a lly  o f a heterogeneous 
m ix tu re , the s ite  o f o r ig in  w ith in  the organ and the c e ll type  e x h ib it in g  the 
e f fe c t .
A se ries  o f experim ents were designed to  in ve s tig a te  the e ffe c t on 
l iv e r  c e lls  in  cu ltu re  o f dosage w ith  ca rc in ogen ic  and n o n -ca rc in o g e n ic  
chem ica ls  and to  exam ine i f  any o f the parameters stud ied  e xh ib ite d  
d iffe re n ce s  w h ich  cou ld  be u se fu l as part o f a sho rt-te rm  screen ing  programme.
METHODS
4 .6  CHEMICALS
6-A m inoch rysene , c o lla g e n ,3 1-m e thy i-4 -d im e thy la m ino azobe nzene  
and 2 -m e th y l-4 -d im e thy lam ino azobe nzene  were obta ined from A ld rich  
C hem ica l Com pany. D im e thy lfo rm am ide , sodium ca co d y la te , DPX, osm ic 
ac id  and tryp to se  phosphate bro th  were ob ta ined from B .D .H . Trypan b lu e , 
L - l 5 m ed ium , p e n ic i l l in :  s trep tom yc in  and fo e ta l bovine serum were ob ta ined  
from B io c u lt. The Epikote 812 e lec tron  m ic roscopy embedding k i t  was 
ob ta ined from EM Scope L a b s . D u lb e cco 's  ca lc ium  and magnesium free 
phosphate bu ffe red  sa lin e  and gentam ycin  were obta ined from F low  Labs , 
2 -am inochrysene  was ob ta ined  from K o c h -L ig h t, 3 -m e th y lch o la n th re n e , 
c y c lo h e x im id e , hydroxyurea and sodium la u ry l su lphate  were ob ta ined  from 
S igma. H a rr is 's  haem atoxy lin  and eos in  were obta ined from Raymond Lamb. 
G lu ta ra idehyde  and propylene o x ide  were ob ta ined from TAAB L a b o ra to rie s . 
C o lcem id  was ob ta ined  from  C a lb iochem .
The s c in t i l ia n t  used in  a i l  spectrom etry  was to luene  SynperonicNXP 
(2:1 v /v )  con ta in in g  PPO (4 g/1) and d im e th y l POPOP (0 .1  g / l ) .
4 .7  THE ENZYMIC ISOLATION AND CULTURE OF RAT
HEPATOCYTES
The method used was th a t o f F ry et a l . (1976). The is o la te d  c e lls  were 
suspended in L - l 5 cu ltu re  medium supplem ented w ith  fo e ta l c a lf  serum
(10% v / v ) , tryp to se  phosphate bro th  (10% v / v ) , p e n ic ill in /s tre p to m y c in  
(1%) and i f  the L -15  medium was gLutamine fre e , g lu tam ine (2 m M ). The
g
preparation  was ad jus ted  to  a v ia b le  c e ll  concen tra tion  o f 10 /m l com plete 
cu ltu re  medium and seeded in to  the appropria te  c o n ta in e r. For h is to ch e m ica l 
o r m orpho log ica l exam ina tions the c e lls  were p la ted onto s te r ile  covers lip s  
p re -coa ted  w ith  s te r ile  co lla g e n  and heated a t 160° C fo r 1 h . These co v e r- 
s lip s  were placed in  Le ighton tubes p re v io u s ly  s te r iliz e d  by a u to c la v in g  at 
15 p . s . i .  fo r 30 m in . For the uptake o f rad io  labe lled  p recu rso rs , p la ting  
e ff ic ie n c y  or su bcu ltu ring  the c e lls  were seeded in  s te r ile  Fa lcon  f la s k s .
^The c e ll  count and v ia b i l i t y  assessm ent was' performed by the trypan  b lue 
e xc lu s io n  techn ique  ( F r y e t a L ,  1976).
In  a l l  cu ltu r in g  procedures the so lu tio n s  used were s te r iliz e d  by a u to ­
c la v in g  or by passing through a b a c te r ia l f i l t e r  (M ill ip o re  0.22 y ) in
the case o f heat la b ile  c o n s titu e n ts  e . g .  serum , enzymes e tc .
F o llo w in g  the in i t ia l  seeding the c e lls  were a llow ed  to  s e ttle  fo r  2 h 
and become attached to the sub s tra tum . The medium and u n a ttached , 
n o n -v ia b le  c e lls  were removed and rep laced by fresh  com plete m edium .
The medium was changed every tw o days th e re a fte r u n t il the  com p le tion  
o f the e xp e rim e n t.
4 .8  THE HAEMATOXYLIN AND EOSIN STAIN
For m orpho log ica l study the c e lls  a ttached to  covers lip s  were f ix e d  in
a c e tic  a c id :a lc o h o l:fo rm a lin  (5:85:10) fo r  5 m in fo llo w in g  a p re lim in a ry  
rin se  in D u lb e cco ’ s phosphate bu ffe red  sa lin e  (PBS). The c o v e rs lip s
were then rinsed  in ta p -w a te r and s ta ined in  f i lte re d  H a rr is ' haem atoxy lin  
fo r  3 m in , rinsed  b r ie f ly  in ta p  w a te r, d iffe re n tia te d  in 0.5% h yd ro ch lo ric  
ac id  fo r  10 s. b lued in 0.5% lith iu m  carbonate fo r 3 0 s.and coun te rs ta ined  
in 0.5% a lc o h o lic  eos in  fo r  1 m in . The c e lls  were ra p id ly  dehydrated 
(absolu te  a lco h o l X2), c leared  (xylene X2) and mounted on a g la ss  s lid e  
w ith  DPX.
For m orpho log ica l s tud ies  o f c e lls  con ta ined in f la s k s  the s ta in in g  
procedure was id e n tic a l except th a t the c le a rin g  stage was om itted  and 
sem i-perm anent preparations were produced by the a d d itio n  o f a sm a ll 
vo lum e o f is o -a m y l a lc o h o l.
4 .9  DETERMINATION OF M ITOTIC INDEX
••
' The m ito t ic  index was ca lcu la te d  from the percentage o f c e lls  e x h ib it in g  
m ito t ic  fig u re s  fo llo w in g  the trea tm ent o f c e lls  in cu ltu re  medium w ith  
co lcem id  (0.05 y g /m l)  fo r 2 h at 3 7° C and subsequent s ta in in g  w ith  
haem atoxy lin  and e o s in .
4 .1 0  QUANTITATIVE HISTOCHEMISTRY
The in tra c e llu la r  enzyme a c t iv ity  o f the c e lls  o n ,co lla g en  coated 
c o v e rs lip s  was measured by q u a n tita tiv e  scanning m ic rodens itom e try  
(A ltm an, 1975; R osenqu is t, 1976) us ing  an M85 V icke rs  Scanning M ic ro ­
d e n s ito m e te r. The h is to ch e m ica i s ta in s  o f NADPH d iap h o rase , succ in a te
dehydrogenase and g lucose  6-phosphate  dehydrogenase were performed as 
described  by Chayen and B idensky (1973). In tra c e llu la r  y -g lu ta m y ltra n s -  
peptidase a c t iv ity  was sta ined by the method o f A lpe rt (1961) fo llo w in g  f ix a tio n  
in ic e -c o ld  a c e tic  a c id :a lc o h o l (3:97) .
In  a l l  h is to ch e m ica l assays the tim es o f incuba tion  w ith  substra tes were 
predeterm ined such th a t the  re la t io n s h ip  between in te n s ity  o f co lou r and 
tim e o f incuba tion  was lin e a r, w ith  a le ve l o f s ta in  e a s ily  quan tita ted  by 
the ins trum en t.
The techn iques o f Chayen and B idensky (1973) use te tra zo liu m  sa lts  
w h ich  change co lou r on m ild  re d u c t io n . O x id a tive  enzyme re a c tion s  are 
linked  through su ita b le  re d -o x  system s to  convert the te tra zo liu m  sa lts  
in to  h ig h ly  co loured  in so lu b le  p re c ip ita te s , known as form azans w h ich  
enable the enzyme a c t iv it ie s  to  be lo c a liz e d  in trace  I lu la r ly .  Enzym ic 
a c t iv it ie s  can be expressed in term s o f hydrogen re leased  from the substra te  
or in  term s o f oxygen up take .
CH,3 CH,3
M onote trazo lium  s a lt M onoform azan
4 .11  DETERMINATION OF PLATING EFFICIENCY
The c e l l  cu ltu res  in f la s k s  were washed w ith  PBS x3 to  remove no n - 
v ia b le  c e lls  and c e llu la r  deb ris  and were incubated w ith  c ry s ta l v io le t  
(0.03%) in c i t r ic  ac id  (0.1 M ) . The sta ined  n u c le i were then counted in 
an improved Neubauer counting  chamber (H aw ks ley , England) and recorded 
as the % o f v ia b le  c e lls  rem ain ing  o f the in i t ia l  c e lls  seeded.
4 .12  DETERMINATION OF DNA REPAIR
The c e lls  in fa lco n  fla s k s  were washed in PBS x  3 and re -in cu b a te d
3
w ith  com plete cu ltu re  medium co n ta in in g  H(methyl) th ym id in e  ( lOy C i/m l)  
format le a s t 24 h a t 37° C . The cu ltu re s  were washed in PBS x  3 to  remove 
the excess unbound ra d io a c t iv ity  and 2 m l o f sodium la u ry l su lphate  
(2% w /v )  added to  each f la s k  and incubated  a t room tem perature fo r  3 h at 
room tem perature w ith  o cca s io n a l sh a k in g . F rac tions  (500 y I) in  t r ip l ic a te  
were made up to  5 m l in  s c in t i l la n t  in a m in iv ia l and counted by ^  spe c tro ­
m etry (Packard) counte r fo r 10 m in . R esu lts are expressed as d . p . m .
3 6
H (m ethyl) th y m id in e /1 0  v ia b le  c e l l s .  Normal DNA syn th e s is  in h ib ite d
by the a d d itio n  o f hydroxyurea (5 mM) in the ra d io la b e lle d  cu ltu re  m edium .
4.13 DETERMINATION OF INTRACELLULAR AFP PRODUCTION
C e lls  on co lla g en  coated co v e rs lip s  were fix e d  in ic e -c o ld  a c e tic  a c id :
a lc o h o l (3:97) fo llo w in g  washes in PBS x  3 . They were then incubated w ith
a pre-determ ined excess o f ra b b it a n t i- ra t  AFP in PBS ove rn ig h t a t room
125tem pera tu re . A pre-determ ined excess o f pure [ I]AFP in PBS was added
to  the c e l l s  fo llo w in g  com plete rem oval o f excess unbound an tibody  by
numerous washes in PBS and incubated ove rn ig h t a t room tem pera tu re .
Excess ra d io la b e lle d  AFP was removed by w ash ing  and the im m u n o lo g ica lly  
125bound [ I  ] AFP determ ined by y spectrom etry  (W a llac  500 gamma counter) 
fo llo w in g  ly s is  o f the c e lls  and the re lease  o f the labe l w ith  w a te r.
P re lim ina ry  experim ents es tab lish e d  th a t the re la t io n s h ip  between AFP
12 5con ten t in the c e lls  and the uptake o f [ I ]  AFP onto excess an tibod y  
prebound to  c e llu la r  AFP was lin e a r, th a t the amount o f a n tise ra  and ra d io ­
la b e lle d  AFP were both in excess and th a t the tim es and tem peratures o f 
the incuba tion  were optimum fo r the im m uno log ica l re a c tio n s .
4 .14  TRANSMISSION ELECTRON MICROSCOPY OF ISOLATED CELLS 
Reagents
A ll the  reagents were prepared as d ire c ted  by W eak ley  (1972).
M ethod
F o llo w in g  the is o la tio n  procedure the c e l l s  were pe lle ted  by c e n tr ifu g a tio n  
and fixe d  in  0 .1  M  sodium c a c o d y la te /H C l b u ffe r, pH 7 . 4 ,  c o n ta in in g  
g lu ta ra ldehyde  2% (w /v ) fo r 4 h . The f ix a t iv e  was removed and the  c e l l s  
rinsed  fo r 30 m ins w ith  the cacody la te  b u ffe r con ta in ing  4 .2  g /1 0 0  m l 
sucrose (3 x  5 m l w a s h e s ) . F o llow ing  the rem oval o f the r in s in g  b u ffe r the 
c e lls  were post—fix e d  in 1% (w /v ) osmium te tro x id e  (M il lo n ig 's  f ix a t iv e )
fo r  1 h . F o llo w in g  tw o q u ick  rin se s  in d is t i l le d  w a te r the c e l l s  were
dehydrated* as fo l lo w s :-
70% e thano l -  10 m in 
90% e thano l -  10 m in 
100% e thano l -  10 m in 
2 x  100% e thano l -  2 x  15 m in 
PropyLene ox ide  -  2 x  3 m in
The c e lls  were then placed in  the epoxide embedding medium (Epikote 
812 k it )  and le ft ove rn ig h t fo r com plete in f i l t ra t io n  to  o c c u r. The c e ll 
p e lle t was removed and placed in fresh  embedding medium in embedding 
1 capsu les and cen trifuged  producing a compact p e lle t in the  ca p su le .
The epoxide was cured a t 60° C fo r 48 h .
The se c tio ns  were cu t on an LKB I u ltra to m e , s ta ined by R eyno ld 's  lead 
c itra te  s ta in  and exam ined on a Jeol JEM 100 B e lec tron  m ic rosco p e .
RESULTS
4 .1 5  PRELIMINARY EXPERIMENTS
The s tru c tu ra l in te g r ity  o f the c e lls  was es tab lish e d  by haem atoxy lin  
and eos in  s ta ins  o f cu ltu red  c e lls  and by tra n sm iss io n  e le c tron  m ic roscopy 
o f the iso la ted  c e lls  (F ig s . 4 .1  and 4 . 2 ) .
The fu n c tio n a l in te g r ity  o f the  c e lls  was es tab lish e d  in  th is  .Department 
(Fry e t a j . . , 1976).  The a b il i ty  o f the  c e lls  to  perform the  m ixed fu n c tio n  
ox idase  re ac tions  and subsequent con jug a tion  reac tions  by w h ich  xe n o b io tic s  
are m e tabo lized  was e s ta b lish e d  (W iebk in  et a j . . , 1976).  The scheme o f 
the  phase 1 m etabolism  o f b ip h e n y l is  shown in F i g .  4.3 .
P re lim ina ry  experim ents e s ta b lish e d  th a t a lthough  d im e thy lfo rm am ide  
(DMF) a t a concen tra tion  o f 0 .5 % (v /v ) in  cu ltu re  medium brought about 
changes in in tra c e llu la r  enzyme a c tiv ity , the  v ia b i l i t y  o f the  c e lls  w as not 
a ffec ted  u n t il h ighe r co n ce n tra tio n s .
In  a l l  experim ents w ith  x e n o b io tic s  the compounds were adm in is te red  
in DMF d ilu te d  in cu ltu re  medium such th a t the DMF d id  no t exceed 0 .05%.  
F o llo w in g  trea tm ent and p rio r to  assay  cu ltu res  were washed in PBS x  3 .
4 .16  DOSE RESPONSE OF CELL CULTURES TO XENOBIOTICS
T e n -fo ld  d ilu t io n s  o f a l l  te s t compounds were set up in DM F and d ilu te d
Figure 4 . 1 a .
Figure 4 .1 b
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Figure 4 . 2 a .
Figure 4 . 2 b .
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4 .3  The .Pattern of B iphenyl Metabolism in  Rats, Isolated Rat Ilcpatocytes
and Rat L iv e r M icro  somes
Biphenyl
2 -hydroxyb iphe ny 1*•Xconjugate
V — /
OH
4 -hydroxyb ipheny 1*
/ +
conjugate X
HO
OH OH
2,2  ’-d ihydroxybiphenyl
+ +
conjugate
4 , 4 ’-  d ih yd r oxyb iphe ny 1
7
conjugate
M ajor m etabolites detected in  incubations w ith  ra t liv e r  m icrosom es.
M ajor m etabolites detected in  incubations w ith  isolated ra t hepatocytes 
and in  v iv o .
in  cu ltu re  medium 1:2 000 to  g ive  f in a l co ncen tra tions  o f 0 .1  y M , 1 yM ,
10 P M  a n d ’ 100 P M . Rat l iv e r  c e ll cu ltu res  were se t up and c o lla g e n - 
coated c o ve rs lip s  in Le ighton tubes fo r the enzyme h is to c h e m is try , m ito tic  
counts and m o rpho log ica l exam ina tion , and in Falcon fla s k s  fo r the d e te r-
3
m ina tion  o f p la tin g  e ff ic ie n c y  and [ H] thym id ine  u p ta ke . The seeding 
0
d e n s ity  was 10 v ia b le  c e lls /m l cu ltu re  m edium , l  m l being added to
Le igh ton  tubes and 2 m l to  the f la s k s .  The c e lls  were a llow ed  to  a ttach
and spread out fo r 18 h a t 37° w ith  a change o f medium a t 2 h . The medium
alone or co n ta in ing  te s t compounds was added a t 18 h and the c e lls
incubated fo r a fu rth e r 3 h a t 37° C . The c e lls  were washed w ith  PBS x  3
to  remove a l l  trace  o f te s t compound and the covers I ip  cu ltu re s  re -in cu b a te d
3
fo r  2 days w ith  fre sh  m edium . To the  f la s k  cu ltu re s  fo r  [ H jth ym id in e
3
uptake de te rm ina tion  a fte r w ash ing  medium con ta in in g  [ H] thym id in e
1 y C i/m l and 5 m M  hyd roxyu rea . P la ting  e ff ic ie n c ie s  were ca lcu la te d  in
the presence and absence o f hydroxyurea a fte r re - in c u b a tio n  fo r  a fu rth e r 
••
2 d a y s . The re s u lts  are summarized by F ig . 4 . 4 . ------- > 4 .1 5 .
4 .1 7  THE EFFECT OF EXPOSURE TIMES TO CHEMICALS
The experim ents were se t up as above except th a t the c e lls  were exposed 
to  the chem ica ls  fo r  tim es between 30 m in and 18 h and ana lysed  fo llo w in g  
re - in c u b a tio n  fo r a fu rth e r 2 d a y s . A w ide  range o f'c o n c e n tra tio n  was 
exam ined fo r 3MC o n ly . For the o the r te s t compounds the  con cen tra tio n  
used was th a t e x h ib itin g  the  g rea tes t increase in  enzyme a c t iv ity  in se c tio n  
4 .1 6 .
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+j
fco n tro l DMF 100
3 MC (yM )
F igure 4 .5  Dose response o f 2AAF
7
5
3
1
C on tro l DMF 0.1 1 10 100
2AAF (yM)
v—v V ia b i l i t y  ©—© ^ G T
e—s M ito t ic  index ©—© AFP
Figure 4 .6  Dose response o f 3MG
■H
+->O(0
G
P
ControL DMF
9
5
1
0. 1  1 
3M C (yM)
10 100
Figure 4 .7  Dose response o f 2AAF
**
+j
£+-»O
(0
G
P
C on tro l DMF 0 .1  1 .0
2 AAF (y M)
10 100
v —v  Succinate dehydrogenase 
E—E3 DNA re p a ir
G-G  G lucose 6-phosphate  dehydrogenase 
NADPH d iaphorase
rj.yure  4 . 0  uose  response curves ot 6-am ino chrysene
a
7
6
5
4
+j
3
* iM 1 Tf*+J
2
1
DMFU ntreated 0.1 1 10 100
co n tro l co n tro l
co ncen tra tio n  (yM)
Figure 4 .9  Dose response curves o f 2 -am inochrysene
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F igure 4 .11  Dose response curves o f 2 -am inochrysene
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F igure 4 .1 8  The e ffe c t o f tim e s  o f trea tm ent w ith  3 -m e thy lcho lan th rene
on AFP production
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F igure 4 .19  The e ffe c t o f re - in c u b a tio n  tim es on AFP production  fo llo w in g  
3 -m e thy lch o la n th ren e  trea tm ent
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The re s u lts  are e xe m p lified  in F ig s . 4 .16  and 4 .1 8 .
4 .1 8  THE EFFECT OF POST-TREATMENT INCUBATION TIME
The experim ents were set up as in  sec tion  4 .16  except th a t the 
re - in c u b a tio n  period fo llo w in g  trea tm ent (3 h) was va rie d  betw een 0 and 5 
d a y s . A w ide  range o f concen tra tions  were te s te d  fo r 3M C o n ly .  For 
o ther chem ica ls  the concen tra tion  used was th a t e x h ib it in g  the g rea tes t 
increase in  enzyme a c t iv ity  in sec tion  4 .1 6 .
The re s u lts  are summarized in  F ig s . 4 .17  and 4 .1 9 .
4 .19  THE EFFECT OF CYCLOHEXIMIDE ON THE INCREASE IN
ENZYME ACTIVITY
•* •
Test and co n tro l cu ltu res  were se t up on co lla g en  coated c o v e rs lip s .
At 18 h the te s t group were exposed to  3 MC (10 y M  fo r 3 h) w ith  and
-4w ith o u t cyc loh e x im id e  (10 M ) . H a lf o f the co n tro l group was incubated
-4w ith  cyc lohex im id e  (10 M) a t 18 h u n t i l  te s te d  2 days la te r . F o llo w in g
trea tm ent the te s t group was washed (PBS x  3) and re -in cu b a te d  fo r a fu rth e r
-42 d a ys , cyc lo h e x im id e  (10 M) be ing conta ined in  the medium o f those  
cu ltu re s  p re v io u s ly  trea ted  w ith  c y c lo h e x im id e . The cu ltu re s  were ana lysed  
fo r g lucose  6 - phosphate dehydrogenase succ ina te  dehydrogenase and NADPH 
d iaphorase a c t iv ity  and the re s u lts  are summarized in  F ig . 4 .2 0 .
Figure 4 .2 0  The e ffe c t o f cyc lohe x im id e  on In tra c e llu la r  enzyme a c t iv ity  
fo llo w in g  3 -M e th y lch o la n th re n e  trea tm ent (10 u M)
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4 .2 0  THE EFFECT OF THE AGE OF CULTURES ON THE TIME OF EFFECT
C ultu res  were set up on co lla g e n -co a te d  co ve rs lip s  in  Le igh ton  tubes 
as described  in  sec tion  4 .1 6 . A te s t group were trea ted  w ith  3 MC (10 yM 
fo r 3 h) a t va rio u s  tim e periods a fte r se ttin g  up the c u ltu re . F o llo w in g  the 
trea tm ent the c e lls  were washed (PBS x  3) and re -in cu b a te d  w ith  fresh  
medium fo r va ry in g  tim e periods before assayed h is to c h e m ic a lly  fo r g lucose  
6-phosphate  dehydrogenase a c t iv i t y .
The re s u lts  are summarized in  F ig .4 .2 1 .'
4 .21  THE EFFECT OF RAT AFP ON THE GROWTH AND 
D IVISION OF RAT LIVER CELL CULTURES
M a te r ia ls
Serum from pregnant fem ale W is ta r  a lb in o  ra ts  during  the second 
tr im e s te r o f pregnancy.
Serum from a d u lt male ra ts  bearing AFP secre ting  hepatom as.
14[ C ] leuc ine  -  Amersham c a t.  n o . CFA 273 
Soluene -  P acka rd .
The sera were s te r iliz e d  by f i l t r a t io n  (M ill ip o re  f i l t e r  0 .22  y )
Method
Rat l iv e r  c e lls  were iso la te d  as described  in  sec tion  4 .7  and d iv id e d  
in to  f iv e  groups each being cu ltu red  in medium o f d if fe re n t serum co m p o s itio n : 
A L -15  medium + 10% (v /v )  fo e ta l bovine  serum (FBS)
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F igure 4.21 3MC trea tm ent on cu ltu res  o f v a ry in g  age
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B. L -15  medium + 5% (v /v )  FBS
C . L-1'5 medium + 5% (v /v )  FBS + 5% (v /v )  m aternal serum
D . L -1 5  medium + 5% (v /v )  FBS + 5% (v /v )  hepatoma serum
E. L -15  medium + 5% (v /v )  m aternal serum
C u ltu res were set up in f la s k s  fo r  the de te rm ina tion  o f  DNA s y n th e s is , 
p ro te in  syn th es is  and v ia b le  c e ll  count w h ile  co lla g en  coated covers lip s  
were used fo r the de te rm ina tion  o f  the  m ito t ic  in d e x . The m edia was 
changed a t 2 h and 2 d a y s .
The v ia b i l i t y  and m ito t ic  index were determ ined a t 1 day and 3 days 
as described  in sec tions  4 .7  and 4 .9 .
DNA syn th e s is  was measured on day 3 by the inco rpo ra tion  o f
3
[ H ]th y m id in e  in to  DNA as described  in  se c tio n  4 .12  w ith o u t the 
in h ib it io n  o f scheduled DNA syn th e s is  by hyd roxyu rea .
P rote in  syn th e s is  was determ ined on day 3 by the inco rpo ra tion  o f
14 14[1 -  C] leuc ine  in to  p ro te in . The [ C ]leu c in e  was con ta ined  in  the
cu ltu re  medium a t 10 u C i/m l th roughou t the 3 d a y s . At 3 days free  excess
la b e l was removed by w a sh in g , the c e lls  detached and lysed  w ith  d is t i l le d
equa l vo lum es o f 20% (v /v )  TCA and ra d io a c t iv ity  determ ined as fo r
w a te r (ove rn igh t a t 4 ° C ) . P rote in  was p re c ip ita te d  by the a d d itio n  o f
3
[ H jthym  id ine . > -v V l-A " '0  )
The re s u lts  are shown in  Table 4 .8 .
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F igure  4 . 2 2 a .  H a e m a to x y lin  and eos ln  s ta in  o f  c o n tro l ra t l iv e r  c e i l
c u l tu re
M a g n i f ic a t io n  x  600
#
Figure 4 .2 2 b  H a e m a to x y l in  and eos in  s ta in  o f  ra t  l i v e r  c e i l  c u l tu re
tre a te d  w i th  3 -m e th y lc h o la n ih re n e  (I uM ) show ing  c e l ls  
unde rgo ing  m i t o s is '
M a g n i f ic a t io n  x  600
F igu re  4 . 2 3 a . NAD PH d ia p h o ra se  a c t iv i t y  In c o n tro l ra t l iv e r  c e l l
c u l tu re s  , , . _
M a g n i f ic a t io n  x  240
F igure 4 .2 3 b  NAD PH d iapho rase  a c t i v i t y  In ra t l i v e r  c e l l  c u l tu re s  
t rea ted  w i th  phenobarb itone (1 y M)
M a g n i f ic a t io n  x  240
Figure 4 .2 4 a .  G lucose  6 - phosphate dehydrogenase  a c t i v i t y  in con tro l 
ra t  l i v e r  c e l l  c u l tu re s
M a g n i f ic a t io n  x  240
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F igure  4 . 2 4 b . G lu c o s e  6 - phospha te  dehydrogenase  a c t i v i t y  in ra t  l i v e r  
c e l l  c u l tu re s  t re a te d  w i th  3 -m e th y lc h o la n th re n e  (1 juM )
M a g n i f ic a t io n  x  240
DISCUSSION
From F ig s . 4 . 4 — > 4 .1 5  i t  can be observed th a t Increases in in tra ­
c e llu la r  NADPH d iapho rase , g lucose  6 - phosphate dehydrogenase and 
y -g lu ta m y l transpep tidase  a c t iv ity  were observed w ith  a l l  the  chem ica ls  
tes ted  . The a c t iv ity  o f succ ina te  dehydrogenase was increased by dosage 
w ith  ce rta in  chem ica l carc inogens and w ith  none o f the non -ca rc inog ens  
a lthough  the changes observed were m in im a l. The trea tm ent o f c e ll 
cu ltu re s  w ith  ca rc inogens produced s p e c if ic  increases in DNA re p a ir , 
m ito t ic  index and in tra c e llu la r  AFP. A ll compounds produced a decrease 
in  the number o f v ia b le  c e lls  but the ra te  o f c e ll  death w as not re la ted  to  
c a rc in o g e n ic ity . M ost o f the  d o s e -e ffe c t re la tio n s h ip s  were pa rabo lic  
w ith  the dose at w h ich  maximum e ffe c t occured and the degree o f e ffe c t 
be ing a c h a ra c te r is tic  o f the com pound. The decreased e ffe c t observed 
a t the h ighe r dose le ve ls  is  probab ly in d ic a tiv e  o f a to x ic  e ffe c t a lthough  
i t  u s u a lly  precedes the death o f the c e lls  as shown by the v ia b i l i t y  c o u n t. 
D N A -re p a ir in the v ia b le  c e lls  increased w ith  increas ing  dose o f ca rc inogens
f
and the  increase was observed at a l l  co n ce n tra tio n s , i . e .  a n o -e ffe c t dose 
w as not observed and i f  i t  e x is ts  occurs a t less  th a n 0.1  y M .  ManteL (1963) 
s ta tes  th a t a n o -e ffe c t dose e x is ts  fo r ca rc inogens and s ince  DNA re p a ir 
occurs a t a l l  the doses stud ied  there m ust be a le ve l o f exposure a t w h ich  
the  re p a ir process e ith e r becomes e rro r-p rone  or a t w h ich  DNA re p a ir a c t iv ity  
is  not s u ff ic ie n t to  cope w ith  the carc inogen  produced dam age.
The maximum e ffe c t on a l l  h is to ch e m ica l parameters occured in  the same 
concen tra tion  range fo r a g iven  com pound, th is  c r i t ic a l range be ing  dependent 
on the com pound. The carc inogen trea tm en t m ust a ffe c t the endop lasm ic
re tic u lu m , m ito ch on d ria , c y to s o l and the nuc leus s ince  a l l  the  enzyme 
parameters and the m ito t ic  index are a ffec ted  by the ca rc in o g e ns . From
F ig . 4.250 i t  can be seen th a t the increases in succ ina te  dehydrogenase and 
g lucose  6-phosphate  dehydrogenase a c t iv ity  brought about by 3 MC are ;;
I
due to  enzyme induc tion  a lo n e , whereas the increase in NADPH d iaphorase 
a c t iv ity  is  due o n ly  in part to  in d u c tio n . This may in d ica te  th a t the la tte r  
enzyme system is not n o rm a lly  being u til iz e d  to  its  f u l l  c a p a c ity  and some 
may e x is t in a la te n t fo rm . Suzuki (1975) proposes th a t increases in 
g lucose  6-phosphate  dehydrogenase a c t iv ity  are dependent upon increases 
in NADPH d iaphorase a c t iv ity  due to  the a c t iv it ie s  o f the tw o system s being 
p a ra lle l in tis s u e  lo c a liz a t io n  before and a fte r tre a tm e n t. I t  may be , 
how ever, th a t ce rta in  reg ions con ta in  popu la tions o f c e lls  w ith  d iffe re n t 
m e tabo lic  fu n c tio n s . I t  is  apparent from the h is to ch e m is try  p ic tu res  (F ig .4 .2 2 ) 
th a t c e ll su b -p o p u la tio n s  con ta in in g  d if fe re n t enzyme a c t iv it ie s  e x is t and 
tha t not a l l  c e lls  reac t to tre a tm e n t, by enzyme in d u c tio n , to  the same de gree . 
C e ll death due to  exposure to  che m ica ls  does not appear to  be dependent 
upon the le ve l o f enzyme a c t iv ity  s ince  v ia b le  c e lls  possessing  both  h igh  
and low  a c t iv ity  e x is t fo llo w in g  tre a tm e n t. Th is cannot be c o n c lu s iv e ly  
proved, how ever, u n t i l  the  sub -po p u la tio n s  can be separated p rio r to  c u ltu re , 
when the tra n s fo rm a b ility  b y  carc inogens o f such su b -po p u la tio n s  can a lso  
be in v e s tig a te d .
Since the increases in NADPH d iapho rase , g lucose  6 -phosphate  
dehydrogenase and y -g lu ta m y l transpep tidase  a c t iv ity  are independent o f 
the  ca rc inogenes is  p rocess, th e ir  induc tion  may re f le c t an increased 
requirem ent fo r co fac to rs  to  enable the phase I  and phase I I  m etabo lism  o f 
the increased q u a n tity  o f substra te  to  be perform ed.
These jn  v itro  s tud ies  suggest a tim e -d o se  re la t io n s h ip  to the e ffe c t 
observed (F ig . 4.16 and F ig . 4 .18 ) w ith  h ighe r concen tra tions  producing 
maximum e ffe c ts  a fte r shorte r periods o f exposure . Th is is  in agreement 
w ith  in v iv o  s tud ies  on carc inogen dosage (D ruckrey and Schm ahl, 1962).
F ig s . 4 .17  and 4 .19  show th a t a m inimum period o f tim e  m ust e lapse  
before an e ffe c t is  obse rved . Th is la te n t period appears to  be due to  the 
c h a ra c te r is tic s  o f cu ltu re  i . e .  the c e lls  becom ing adapted to  th e ir  new 
environm ent but there may a lso  be a lag period o f  less than 18 h requ ired  
fo r  in d u c tive  p rocesses. (see F ig . 4 .2 1 ) .
I t  appears th a t carc inogens s p e c if ic a lly  produce DNA re p a ir , AFP production  
and an increase in  m ito tic  ra te  in l iv e r  c e ll  cu ltu res  w hether the l iv e r  is  the 
ta rg e t organ fo r the  carc inogen or no t / .  I t  is  im portan t to  re a liz e
th a t the  s p e c if ic i ty  o f AFP production  may be a fa c to r o f s e n s it iv i ty ,  as was
shown in  in v iv o  s itu a tio n s  o r i t  may be re f le c t iv e  o f the s tim u la tio n  o f c e ll•• r '
d iv is io n  and not o f d e -d if fe re n t ia t io n . C e ll cu ltu re s  w ould appear to  be an 
e x c e lle n t system fo r  s tudy ing  th is  d ile m m a .
. As can be seen from Table 4 .8  no increase in  DNA s y n th e s is , p ro te in  
s yn th e s is  o r ra te  o f m ito s is  re s u lts  from  the inco rpo ra tion  o f a llo g e n e ic  
AFP w h ich  may mean th a t h igh  AFP le v e ls  are brought about as a consequence 
o f  the  prim ary changes and do no t evoke these  changes.
From th is  s tudy i t  w ou ld  appear th a t l iv e r  c e ll  cu ltu re s  can be used to  
screen fo r  h e p a to to x ic ity  o f che m ica ls  e ith e r by v ia b i l i t y  s tu d ies  o r by the  
e a r lie r  s u b - le th a l changes in  in tra c e llu la r  enzyme a c t iv i t y .  T he ir use fu lne ss  
in  ca rc inogen sc reen ing , a lthough  p rom is ing , requ ires  s u b s ta n tia tio n  by the 
screen ing  o f su ita b le  com pounds. I t  is  im portant to  re a liz e  th a t i t  is  not
s u ff ic ie n t to  perform dose-response  te s ts  on c e ll  cu ltu res  fo r to x ic ity  sc reen ing . 
V a ria tio n s  in tim es o f exposure and pos t-trea tm en t incuba tion  tim es m ust 
a lso  be inves tig a te d  to  ensure th a t any re su lta n t e ffe c t is not m issed by 
using the wrong te s tin g  procedure.
CHAPTER FIVE
IN  VIVO DOSAGE W ITH  CARCINOGENIC AND 
NON-CARCINOGENIC ANALOGUES OF AZO DYES
INTRODUCTION
M uch in te re s t has been focussed on the p ro life ra tiv e  a c tio n  o f azo 
dyes s ince  F isch e r (1906) observed a tem porary hyperpLasla on in je c tio n  
o f s ca rle t red in to  ra b b it e a rs . Yoshida (1933) succeeded in Inducing  
hepatocarcinom as in ra ts  by long term feed ing  o f the azo dye o -a m in o - 
azoto iuene and th is  was fo llo w e d  by many in v e s tig a tio n s  in to  the  c a rc in o ­
g e n ic ity  o f azo dyes o f s im ila r  chem ica l s truc tu re  (K in o s ita , 1936, 1937; 
K irby  and Peacock, 1947; Farber, 1956; K a rasak i, 1969; Ita b a s h i e t a i . ,
1 1975; K itagaw a and K uro iw a, 1976), The s truc tu re  o f a number o f such 
azo dyes are shown in  F ig . 5 .1 .
A m inoazocarc inogenesis  has been e x te n s iv e ly  rev iew ed by Terayama 
(1967) and K riek (1974) and the m a jo r po in ts  are d iscusse d  b e lo w .
•*
5-1 THE METABOLISM OF AZO DYES
The m etabo lism  o f am inoazo dyes occurs m a in ly  in the l iv e r  and 
inc lu des  the re ac tions  o f o x id a tiv e  N -d e m e th y la tio n , r ing  h y d ro x y la t io n , 
re d uc tive  azoc lea va ge , N -h y d ro x y ia tio n  and con juga tion  w ith  su lp h a te , 
g lu cu ro n ic  ac id  o r a ce ta te .
The N -m e th y l group o f azo dyes such as d im e thy lam ino -azobenzene  
(DAB) are dem ethyla ted  o x id a t iv e ly .  Th is  m e tabo lic  pathway has been 
considered  one o f the m ost im portan t respons ib le  fo r  the ca rc in o g e n ic  
m echan ism . One reason fo r th is  depends upongLn obse rva tion  by M i l le r  
and M i l le r  (1948), who showed th a t a t leas t one m e ta b o liza b le  N -m e th y l
Figure 5.1^ Examples o f azo dyes
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group is  necessary fo r  the  am inoazo dyes to  possess ca rc inoge n ic  a c t iv ity .  
A second reason comes from the  re a c t iv ity  o f fo rm a ldehyde, a dem ethy la tion  
p roduct, w ith  b io lo g ic a lly  im portan t substances such as pro te ins or n u c le ic  
a c id s . C y to to x ic  and ca rc inog en ic  a c t iv ity  o f form aldehyde have been 
reported (Watanabe and M atsunaga , 1954; D utton  and H ea th , 1956). 
Form aldehyde is a lso  specu la ted  to  ac t as a bridge fo r the b ind ing  o f the 
dye to  pro te in  or n u c le ic  a c ids  (Roberts and W a rw ic k , 1963). No c le a r -  
cu t re la t io n s h ip  h a s , how ever, been es tab lish e d  between the h e p a tic  
N -dem ethy lase  a c t iv ity  and ca rc in o g e n ic  s u s c e p t ib ility  (Conney e t a_l., 
1957; M atsum oto and Terayam a, 1961).
Ring h yd ro xy la tio n  e s p e c ia lly  a t the free para p o s itio n  ta ke s  p lace 
w ith  many azo dyes and occurs p rio r to  N -de m e th y la tio n  ' in v i t r o 1 (Kensler 
and C hu, 1950). R eductive azo c leavage may take  p lace a long w ith  o r 
before the N -d e m e th y la tio n  and ring  h y d ro xy la tio n  u n lik e  the  N -d e m e th y - 
la fio n  appears to  be a pure ly  d e to x ic a tin g  p rocess . The azo reductase  
a c t iv ity  is  g re a tly  enhanced by h igh  r ib o f la v in  d ie t and th is  m igh t e xp la in  
the a n tica rc in o g e n ic  a c t iv ity  o f d ie ts  co n ta in in g  h igh  le ve ls  o f v ita m in  B^ •
The ob se rva tion  o f the N -h y d ro x y la tlo n  o f 2 -a ce ty la m in o flu o re n e  by 
M i l le r  e t a l .  (1961) opened up the p o s s ib i l i ty  o f the N -h y d ro x y la tio n  o f 
azo d y e s . C on c lu s ive  evidence fo r th is  m e ta b o lic  conve rs ion  has not as 
ye t been ob ta ined  a lthough  M il le r  e ta j. .  (1964) have reported the  fo rm a tion  
o f N -h yd ro xy -N -a ce ty l-p -a m in o a zo b e n ze n e  in u rine  fo llo w in g  in je c tio n  o f 
ra ts  w ith  p-am lnoazobenzene . *
The b ind ing  o f the azo dyes and th e ir  m e ta b o lite s  to  c e llu la r  m acro­
m o lecu les  has been d iscussed  in C hapter 1 . 5 .
5.2  RELATIVE CARCINOGENIC POTENCY OF AMINOAZO DYES
The tum our producLng c a p a b ility  o f am inoazo d ye s , as w ith  a l l  
ca rc in o g e ns , va r ie s  w ith  the experim enta l co n d itio n s  used, e . g .  an im a l 
s tra in , se x , n u tr it io n  e t c .  Even under Id e n tic a l co n d itio n s  azo dyes o f 
ve ry  s im ila r  chem ica l s truc tu re  possess ve ry  d iffe re n t ca rc in o g e n ic  p o te n tia l. 
Table 5.1 shows exam ples o f such v a r ia t io n  us ing  DAB as the s tandard , 
where the re la t iv e  c a rc in o g e n ic ity  is ca lcu la te d  as:
R e la tive  6 x  months o f DAB feed ing  x  % tum ours w ith  te s t compound
_ . .. months o f feed ing  t es t  compound x% tum ours w ith  DABC a rc in o g e n ic ity
A se ries  o f experim ents on the long term a d m in is tra tio n  o f a ca rc inogen  
and a n o n -ca rc in o g e n ic  analogue were set up to  in ve s tig a te  i f  the  low  le v e l 
response observed on a d m in is tra tio n  to  c e l l  cu ltu re  cou ld  be seen on 
' in  v iv o ' dosage . M ost long term  experim ents on azo dye ca rc in o g e ne s is  
have been performed w ith  the carc inogen incorporated in  the d ie t .  I t  may 
no t be poss ib le  to use th is  method in  the fu tu re  due to  the new  sa fe ty  
re g u la tio n s  and there fo re  a d if fe re n t method o f a d m in is tra tio n , in tra  peritonea I 
in je c t io n , was in v e s tig a te d .
Table 5.1 C arc inogen ic  a c t iv ity  o f va rio u s  r in g -s u b s titu te d  d e riv a tiv e s  
o f 4 -D im ethy lam inoazobenzene
C arc inogen ic  a c t iv ity  o f su b s titu e n t
Posit ion F CH3 C l Br N02 CF3 OH
4 ‘ 10-12 < 1 1-2 - 0 0 0
3* 10-12 10-12 5-6 0 5 0 0
2' 7 2-3 2 - 3 0 0
2 > 1 0 0 - - - - o
3 - 0 - - - - -
2 , / 4 ,- d i > 10 0 - - - - -
2 ' 74 , , 6 ,- t r i > 10 0 0 - - - -
2 \ 5 ,- d i > 10 0 - - - -
3 1, 5 ' -d i > 10 - 0 0 - - -
Taken from Terayama (1967)
MATERIALS AND METHODS
A ll the  chem ica ls  used were as lis te d  in chapter 4 .6 .
A ll the  m ethodology fo r the de te rm ina tion  o f parameters o f l iv e r  drug 
m etabolism  / h is to lo g y  and h is to c h e m is try , t is s u e  cu ltu re  te c h n iq u e s , 
e lec tron  m ic roscopy  and o the r m isce llaneou s  techn iques were as described  
in  chap te r 4 . 7 - 4 . 1 4 .
5 .3  DOSE REGIMEN
The ca rc ino gen ic  3 'M e -4 -D A B  and the n o n -ca rc ino g e n lc  2 -M e -4 -D A B  
w ere d is s o lv e d  in pure corn o i l  to  a co ncen tra tio n  o f 10 m g /m l. M a le  
W is ta r  A lb ino  ra ts  (100 -  150 g) were random ized in to  th ree  g roups , c o n tro l, 
2 M e-DAB te s t ,  and 3 'M e-D A B  te s t .
Each o f the  te s t groups rece ived  2 mg o f the  azo dye tw ic e  w e e k ly  
and the  co n tro l group rece ived  0 .2  m l o f the  ca rrie r,pu re  corn o i l .  A ll 
an im a ls  were a llow ed  free access to  food (S p ille rs  N o . l  Labora to ry  D ie t ,  
S p ille rs  L td . ,  Croydon) and w a te r.
5 .4  TEST REGIMEN
A ll an im a ls were w eighed tw ic e  w e e k ly  fo r the f i r s t  th ree  m onths o f 
dos ing  and th e re a fte r once a w ee k .
At regu la r periods o f 4 -  8 w eeks th roughou t the te s t fou r an im a ls  from 
each group were w e igh ed , sa c r if ic e d  by c e rv ic a l frac tu re  and exam ined fo r
m acroscop ic  changes in  the liv e r  such as the appearance o f n o du le s . The 
liv e rs  were' e x c is e d , w eighed and id e n tic a l portions taken fo r h is to lo g y  
and e le c tron  m ic ro sco p y . The rem ainder was weighed and used fo r tissue , 
cu ltu re  and measurement o f parameters o f m icrosom al drug m e tabo lism .
The c e ll cu ltu re  procedure was used to  m in im ize  reg iona l d iffe re n ce s  in 
enzyme a c t iv ity .
F o llo w in g  cu ltu re  o f the liv e r  the c e lls  were examined fo r in tra c e llu la r  
enzyme a c t iv it y ,  unscheduled DNA s y n th e s is , m ito s is  and h is to lo g y  as 
described  in  chapter 4 .
RESULTS
The re s u lts  o f the experim ents are summarized in  Tables 5 .2  -  5 .5 .
5 .5  HISTOLOGICAL EXAMINATION
No m acroscop ic  nodu les were observed a t post-m ortem  exam ina tion  
even a fte r e ig h t months dosage w ith  azo d y e s . H is to lo g ic a l se c tions  o f 
the  liv e rs  o f ra ts  fed 3 '-M e  DAB e xh ib ite d  l i t t le  change u n t i l  fo llo w in g  
s ix  m onths trea tm ent seve ra l h y p e r p L ^ t ^  were observed co n ta in in g
v e ry  large c e lls  possessing g ia n t n u c le i.  No breakdown o f tis s u e  
a rch ite c tu re  was observed and no n e o p la s tic  o r p re -n e o p la s tic  reg ions  
cou ld  be seen.
 ^A l l  th ree  groups o f an im a ls re ta ined  marked areas o f g lycogen  d e p o s itio n  
in  l iv e r  sec tions  w h ich  decreased o n ly  in the 3 '-M e  DAB group a fte r  
32 w eeks tre a tm e n t. Th is g lycogen  d e p o s itio n  was a lso  c le a r ly  observed 
by tra n sm iss io n  e lec tron  m ic roscopy  in the co n tro l and 2-M eD AB g ro up s .
A t periods o f trea tm ent g rea te r than tw o  months w ith  both 2-M eDAB and 
3'~MeDAB a gradua l increase in  c le a r p e r i-n u c le a r reg ions cou ld  be observed 
Th is  is  sometimes seen in  co n d itio n s  o f hypertrophy o f reg ions  o f  smooth 
endop lasm ic re tic u lu m .
Some exam ples o f the  m icrographs produced are shown in F ig s . 5 .2  -  5 .4
5 .6  TRANSMISSION ELECTRON MICROSCOPICAL
EXAMINATION
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Figure  5 .2  T ra n s m is s io n  e le c tro n  m ic ro s c o p y  o f  l iv e r  from c o n tro l 
anima is
M a g n i f ic a t io n  x  2 5000
-II ill' ’ if iii'ii
F igure  5 .3 T ra n s m is s io n  e le c tro n  m ic ro s c o p y  o f  l i v e r  from a n im a ls  
t rea ted  w i th  3 ‘~MeDAB fo r  8 m onths
M a g n i f ic a t io n  x  6000
m & w ®
W R & m -
Figure 5 .4a  T rans m is s ion  e le c t ro n  m ic ro s c o p y  o f  Liver from an im a ls
t rea ted  w i th  2 -M eD A B  fo r  8 m onths
M a g n i f ic a t io n  x  6000
F igure  5 .4 b .  T ra n s m is s io n  e le c tro n  m ic ro s c o p y  o f  l i v e r  from a n im a ls  
t re a te d  w i th  2 -M eD A B  fo r  8 months
M a g n i f ic a t io n  x  25000
The e lec tron  m icrographs confirm  the increase in  smooth endop lasm ic 
re ticu lu m  w h ich  appeared much more marked in the la te r stages o f trea tm ent 
w ith  3 '-M e D A B . The la t te r  m icrographs a lso  showed an increase In free 
polysom es w h ich  d id  not appear as pronounced fo llo w in g  2-M eDAB 
a d m in is tra tio n .
The rough endop lasm ic re ticu lu m  in the la te r stages o f 3*-M eDAB 
trea tm ent d id  not appear to  e x h ib it  the large p a ra lle l arrangem ents observed 
in the tw o o ther groups o f an im a ls  but appeared as short d iso rgan ised  
re g io n s .
There d id  not appear to  be any changes in e ith e r re la t iv e  numbers or 
s truc tu re  o f m itochondria  or any s ig n if ic a n t changes in n u c le a r o r n u c le o la r 
s tru c tu re .
Amorphous areas appeared in  reg ions o f the liv e r  c e lls  o f an im a ls 
trea ted  w ith  2-M eDAB and in co n tro l an im a ls th roughout the experim ent but 
were absent in the la te r stages o f 3 '-M eD A B  a d m in is tra tio n . These reg ions  
appeared co n s is ten t w ith  areas o f g lyco g e n .
DISCUSSION
The concen tra tion s  o f 3 ‘ -M eDAB and 2-M eDAB Incorporated in the 
d ie t most com m only used in  c a rc in o g e n ic ity  experim ents are know n to 
cause qu ite  large losses in body w e ig h t o f ra ts  fo llo w in g  o n ly  short exposure 
(S trieb ich  et aC / 19 53). Th is may be due e ith e r to  the d is ta s te fu iln e s s  o f 
the d ie t o r to  a d ire c t to x ic  e ffe c t ,  but w h ich eve r is  the ca se , these 
p h y s io lo g ic a l e ffe c ts  may re s u lt in observab le  changes not d ire c t ly  re la ted  
to the process o f ca rc in o g e n e s is .
There appeared to  be no acute to x ic i t y  to  the ra ts  on in tra  peritonea I 
in je c tio n  o f the doses o f 2-M eDAB o r 3 '-M eD A B  used in  th is  experim ent ana 
a l l  th ree  groups ga ined w e ig h t q u ite  c o n s is te n t ly . Th is was seen in both 
the  w e ig h ts  o f the an im a ls  k i l le d  (Table 5 .2) and the mean w e ig h ts  o f a l l  
the^ an im a ls  in  each group a t th e ir  tw ic e  w e e k ly  w e ig h in g s .
The long term dosing  o f ra ts  w ith  low  le ve ls  re su lted  in  a number o f 
changes c o n s is te n t ly  observed in ca rc ino genes is  fo llo w in g  a d m in is tra tio n  
o f h igh  le v e ls  o f the com pounds. F o llo w in g  32 w eeks trea tm en t w ith  both  
2-M eDAB and 3 ‘ -M eDAB qu ite  marked decreases in  the a c t iv ity  o f drug 
m e ta b o liz in g  enzyme system s (Table 5 .3 ) and in a number o f o th e r s u b c e llu la r  
enzymes (Table 5 .4 ) .  S im ila r decreases in enzyme a c t iv ity  have been 
reported w ith  ^ -g lu cu ro n ida se  and serine dehydratase (K itagaw a, 1976), 
g lu co se -6  phosphatase and g lycogen  phosphorylase (Scherer and Em m eiot, 
1976), ac id  phosphatase (Onoe et a d ., 1973). These w orkers  have n o t ,  
how ever, reported any in i t ia l  Increases in  enzyme a c t iv ity  on tre a tm en t as 
observed in th is  s tudy (Tables 5.3 and 5 .4 ) .  Th is d iffe re n ce  may have
been due to  the d if fe re n t enzymes studied, o r , more p robab ly , to  the more 
to x ic  nature o f th e ir  dose reg im ens. No s p e c if ic  increase in the a c t iv ity  
o f b lp h e n y l-2 -h y d ro x y la s e  was seen as o r ig in a lly  observed in ' in  v i t r o 1 
system s w ith  o the r ca rc inogens (Bridges e t a t . , 1973) . No Increases in 
enzyme a c t iv ity  were found to  be s p e c if ic  to  carc inogen  tre a tm e n t. The 
tim es o f increases o f enzyme a c t iv ity  and the amount o f increase  o f 
a c t iv ity  d id  v a ry  not o n ly  between trea tm ents but a lso  between the d iffe re n t 
enzymes in v e s tig a te d . The enzyme Induction  appears to  be a response to  
the increased requirem ents fo r m etabolism  o f the dosed compounds such as 
increased le ve ls  o f m icrosom al drug m e ta b o liz in g  enzym es, increased 
c o - fa c to r  e q u iva le n ts  and energy . The increase in g lu co se -6  phosphate
dehydrogenase may a lso  pentose m o ie tie s  fo r any increased n u c le ic  ac id  [
11
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production  requ ired  during  c e ll d iv is io n  as w ou ld  occu r w ith  3 '-M eD A B  
trea tm ent (Table 5 .5 ) .  <
*•
This increase in m ito s is  brought about by azo -dye  trea tm ent may not 
be d ire c t ly  re la ted  to  ca rc inog enes is  a lthough  the increase is  much more 
marked on cu ltu re  o f 3 '-M eD A B  trea ted  l iv e rs .  The increase may be brought 
about by some form o f ’ in  v iv o ' s tim u la tio n  p rio r to  e x c is io n  and may 
rep resen t some form o f regenera tive  procedure. Th is  w ou ld  go some w ay 
to  e xp la in in g  the h ighe r re la t iv e  l iv e r  w e igh ts  at 24 and 32 w eeks o f 
In je c tio n s  (Table 5 .2 ) .
The changes in in tra c e llu la r  enzyme a c t iv ity  do no t appear to  be 
con fined  to  a s p e c if ic  s u b c e llu la r component s ince  increases are observed 
In a l l  the  cy to p la s m ic , m ito ch on d ria l and m icrosom al enzymes in v e s tig a te d .
Previous experim ents reported  by La fon ta ine  and A lia rd  (1964) have shown 
th a t 0.06%  2-M eDAB fed to  ra ts  in  the d ie t brought about a large Increase 
in the number o f m itochondria  compared w ith  co n tro l ra ts  or ra ts  fed s im ila r  
q u a n tit ie s  o f the ca rc inogen ic  3 '-M e D A B . A lthough s l ig h t ly  Increased 
le v e ls  o f succ ina te  dehydrogenase a c t iv ity  was observed in bo th  groups 
o f trea ted  ra ts  the same marked increase  in  m itochondria  w as no t observed . 
The low  doses o f 2-M eDAB used in  the experim ents reported here a lso  fa ile d  
to  produce the fragm enta tion  and re d is tr ib u tio n  o f rough endop lasm ic 
re ticu lu m  o r the presence o f h ya lin e  in c lu s io n s  w h ich  these w orke rs  regard 
as being due to  hypertrophy o f the  smooth endop lasm ic re tic u lu m .
M any w orkers  have noted a decrease in  g lycogen  storage in hepa tocytes  
undergoing p re -n e o p la s tic  changes and La fon ta ine  and A lla rd  (1964) have 
noted such changes on dosage w ith  2 -M eD A B . Dosage w ith  2-M eD AB d id  
no t re s u lt in  such a decrease a lthough  32 w eeks trea tm ent w ith  its  ca rc in o ­
g e n ic  analogue d id  dep le te  in tra c e llu la r  g ly co g e n . Since th is  change d id  
no t occu r independen tly  o f decreases in s u b c e llu la r  enzyme a c t iv it y  the 
tw o phenomena may be in te rre la te d . I t  may be th a t o n ly  c e rta in  m e ta b o lic  
pathways are a ffec ted  e .g .  g lucose  u t i l iz a t io n  and g lycogen  s y n th e s is .
T h is  w ou ld  re s u lt in  the c e il hav ing  to  u t i l iz e  its  g lycogen  as an energy 
sou rce , re s u lt in g  in  its  d e p le tio n . A much fu l le r  m e ta b o lic  s tudy  cou ld  
e lu c id a te  w hether the to x ic ity  o f the  azo dye is s e le c tiv e  as suggested , o r 
th a t the g lycogen d e p le tio n  is  as a re s u lt o f a general ch ro n ic  t o x ic i t y .
I t  has been s ta ted  by many w orkers th a t i t  is  a t these lo c i, possess ing  
low  enzyme a c t iv ity , th a t the p re -n e o p la s tic  and n e o p la s tic  changes occu r a t 
a la te r tim e (C o ld fa rb , 1973; K itagaw a, 1976; N ew berne, 1976). T reatm ent
w ith  carc inogens has resuLted in  the observa tion  by severa l w orkers in 
increases in  the a c t iv ity  o f ce rta in  enzym es. Bannasch (1976) has observed 
increases in g lucose  6-phosphatase  a c t iv it y ,  w h ile  Karasaki (1976) has 
found to pog rap h ica l changes in membrane ATP'ase and ac id  phosphatase 
a long w ith  a m arked ly  increased ATP'ase. a c t iv ity  a t the ou te r surface o f 
hepa tocytes  o f h y p e rp la s tic  re g io n s . These changes occu rrin g  a t the 
ou te r membrane surface may re s u lt in o r be caused by the marked decrease 
in  in tra c e llu la r  pH w h ich  occurs during azo dye ca rc inogenes is  (K itagaw a 
and K uro iw a , 1976). Th is  pH change may re s u lt in the decreased a c t iv ity
I o f ce rta in  enzymes and change in iso  enzyme p ro file  som etimes assoc ia ted  
w ith  ca rc inogenes is  (F ig s . 1 .11 and 1 .1 2 ) .
I t  w ou ld  appear th a t the  in  v iv o  system  in v e s tig a te d , a lthough  no t
producing tum ours during  the period o f the experim ent, has e s ta b lish e d
th a t low  doses o f carc inogens and th e ir  n o n -ca rc in o g e n ic  analogues e x h ib it  
•*
the  same pa rabo lic  dose-response  curves as found w ith  the c e ll  cu ltu re  
e xpe rim e n ts . D uring  the e a rly  stages o f in v iv o  trea tm ent w ith  ca rc in o g e n ic  
o r n o n -ca rc in o g e n ic  azo dyes the c e llu la r  changes w h ich  o ccu r w ou ld  
appear to  be s im ila r .
l  I t  w ou ld  appear th a t the po in t o f d ive rgence  between the  a c tio n  o f
// ca rc inogens and non-ca rc inogens occurs la te r than the 32 w eeks o f trea tm en t
fjl so fa r  in v e s tig a te d .
\
Further experim ents are planned w ith  these an im a ls fo r  periods up to  
12 months fo llo w in g  cessa tion  o f trea tm en t w ith  azo dyes to  in v e s tig a te  
w hether any progressive  changes have occurred o r w he the r the changes so 
fa r  observed were re v e rs ib le .
CHAPTER SIX 
FINAL DISCUSSION
The in i t ia l  d is co ve ry  o f the presence o f tum our assoc ia ted  pro te ins 
s tim u la ted  hopes fo r  e a rly  re co g n itio n  o f ca n ce rs , the organ invo lved  and 
an a id  to  assess ing  the stage o f progress o f the d is e a s e . As d iscu ssed  
in chapte r 2 these e a rly  hopes o f organ o r tum our s p e c if ic ity  ra p id ly  
d isappeared w ith  the advent o f more se n s it iv e  measurement te ch n iq u e s , 
a lthough  the use o f the measurement o f AFP and o ther o n co fo e ta l an tigens 
in m on ito ring  trea tm ent appears to  ho ld  g rea ter p rom ise . W hereas increases 
in these le v e ls  tend to  be o f bad prognosis and may s ig n ify  the occurrence 
o f m e tas tases , it  is  im portant to  re a lis e  th a t normal le ve ls  should not be 
1 taken  as evidence o f re co ve ry .
W ith  the increase in  AFP le ve ls  c o in c id in g  w ith  the increase  in s ize  
o f the transp lan ted  tum ours (chapter 3) and the co rre la tio n  betw een AFP and 
m ito t ic  index i t  does appear th a t AFP syn th e s is  is  in  some w ay re la ted  to  
c e ll  d iv is io n .  Th is  is  a lso  in tim a ted  from the  regenera tive  co n d itio n s  in 
w h ich  AFP le ve ls  are increased w h ich  do not invo lve  tum ours . The re s u lts  
o f the  c e ll  cu ltu re  experim ents (chapter 4 .21 ) show th a t i t  is  no t the AFP 
syn th e s is  w h ich  leads to  c e ll  d iv is io n .  The increases are thus  e ith e r 
due to  the process o f c e ll d iv is io n  per se or both parameters are in d ic a tio n s  
o f a fu rthe r more im portant change. S ince the le ve ls  o f AFP do not r is e  
to  the  same le ve ls  in regenera tive  co n d itio n s  as in  tum ours a lthough  the 
degree o f c e ll  d iv is io n  may be g rea te r in  the form er s itu a t io n , one m ust 
assume th a t the increase is  o n ly  p a r t ia l ly  due to  c e ll  d iv is io n  and th a t 
o the r fa c to rs  are im po rta n t. Some suggestions regard ing these fa c to rs  
w i l l  be made la te r in th is  d is c u s s io n .

From the leucocy te  adherence In h ib it io n  experim ents (chapter 3 .14 ) . 
i t  w ou ld  appear th a t the production  o f AFP does not in it ia te  the s tim u la tio n  
o f the  body 's  Immune sys tem . T h is , a long w ith  the secondary im portance 
o f the hum oral response in tum our re je c t io n , tends to  suggest th a t an tibod ies  
d ire c ted  aga ins t the AFP w ould  not prove an e ffe c tiv e  form o f th e ra p y . The 
rap id  secre tion  o f AFP in to  the c irc u la tio n  a lso  g re a tly  l im its  the use o f 
such an tibod ies  as ca rr ie rs  o f chem otherapeutic o r rad lo th e ra pe u tic  agen ts .
The good co rre la tio n  ob ta ined between the c e ll cu ltu re  and the In v iv o  
dosing  experim ents suggests th a t such tis s u e  cu ltu re  techn iques  may fo re ca s t 
1 some o f the e ffe c ts  In v iv o  at lea s t a t s u b -to x ic  dose le v e ls . S ince DNA 
re p a ir occurs in c e ll  cu ltu re  at these low  dose le ve ls  there  is  no reason to  
guppose th a t i t  is not in opera tion  at com parable dose le ve ls  in v iv o . The 
lack o f DNA re p a ir observed during these experim ents (chapter 5) is ,  th e re ­
fo re , m ost probab ly due to  the  long tim e  in te rv a l (3 days) between the  la s t 
doSe and the tim e o f te s t in g . The c e ll cu ltu re  system  appears to  be a 
use fu l m odel fo r the d e ta ile d  study o f changes in the a c t iv ity  o f m e ta b o lic  
pa thw ay, due to  changes in in tra c e llu la r  pH o u tlin e d  in the d is c u s s io n  o f 
ohapter 5,
The use o f tra n sp la n te d , c h e m ic a lly  induced tum ours in  the  s tudy  o f 
ga rc inogenes is  is  lim ite d  by the rap id  developm ent o f such tum ours m aking 
the e a rly  stages ve ry  d if f ic u lt  to  in v e s tig a te . D if f ic u lt ie s  in  in te rp re ta tio n  
a lso  a rise  due to the requirem ent o f v a s c u la r iz a tio n  before many o f the 
e ffe c ts  became m a n ife s t. The use o f such tra n sp la n ts  appears lim ite d  to  
the e ffe c t o f the tumours on the an im a l as a w ho le  and in some ins ta nces  
to  s tud ies  o f tum our im m unology. The Im m unology o f cancer is  com p lica ted  
by the d iv e rs ity  o f an tigens In vo lve d , e s p e c ia lly  in chem ica l c a rc in o g e n e s is ,
\ 0■V
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and tum our tra n sp la n ta tio n  is probab ly the best w ay in w h ich  tum ours o f 
id e n tic a l a n tige n ic  s truc tu re  can be provided fo r the study 6 f the hosts 
re a c tio n s . The use o f tra nsp lan ted  tum ours a lso  g ives us an e x c e lle n t 
idea o f the p ro pe rtie s , both m e ta bo lic  and p h y s ic a l, o f a "grow ing tum our.
W ith  the techn iques o f c e ll cu ltu re  and tumour tra n sp la n ta tio n  we possess 
m odels fo r s tudy ing  the e a rly  a c tio ns  o f carc inogens and the f in a l e n d -p o in t 
o f th e ir  a c tio n . The d if f ic u lt y  a rises  in the cho ice  o f m odels to  s tudy the
fin te rm ed ia te  period inc lu d in g  the tim e  when the re ve rs ib le  a c tio n  o f to x ic  | 
chem ica ls  becomes irre v e rs ib le  s ta te  o f ca rc in o g e n e s is .
In  the c e ll cu ltu re  s tud ies  w ith  carc inogens (chapter 4) DNA re p a ir 
w as m easurable a t a l l  dose le ve ls  s tud ied  suggesting  th a t a p ra c tic a l ‘no 
e ffe c t leve l* may not e x is t fo r ca rc inogen-D N A  in te ra c tio n . H ow ever, 
the ex ten t o f the damage produced by v e ry  low  leve ls  o f ca rc inogen  may be 
in s u ff ic ie n t to  produce o ve rt tum ours during  the an im als life s p a n , as reported 
w ith  ce rta in  azo dyes (Terayama, 1967), un less the an im al is  fu rth e r s tressed 
by p h ys ica l in ju ry  o r chem ica l to x ic i t y .  A lthough the mechanism  o f p h ys ica l 
in ju ry  o r to x ic it y  and ca rc inoge nes is  are a ppa ren tly  unre la ted  the process o f 
ca rc ino gene s is  m ust be dependent upon to x ic i t y .  The in ju ry  may exhaust 
the defence m echanism s o f the host by a number o f m ethods:
i) By lim ita t io n  o f the  b ody 's  c e ll-m e d ia te d  or hum oral response to  
tum our p roduc tion .
i i )  By p revention  o f DNA re p a ir .
i i i )  By an increase in  e rro r-p rone  re p a ir o f DNA.
The great d iv e rs ity  in in tra c e llu la r  enzyme a c t iv ity  observed between 
d if fe re n t hepatocytes fo llo w in g  chem ica l trea tm ent in c e ll  cu ltu re  (chap te r 4)
may be due to  d if fe re n t c e ll popu la tions possessing d if fe re n t fun c tio n s  
and m e tabo lic  c a p a b ili t ie s ,  each subpopu la tion  possessing d iffe re n t 
re s is ta n ce  to  ca rc inogens due to  Lack o f a v a ila b i l i ty  o f free u ltim a te  
ca rc inogen  due e ith e r to  Low a c tiv a tin g  a c t iv ity  o r h igh  d e a c tiv a tin g  a c t iv i t y .  
An in a b il i ty  to  induce the drug m e ta b o liz in g  enzymes o f such c e lls  may 
lead to  such a s itu a tio n  and cou ld  account fo r the d if fe re n t s u s c e p t ib i l i ty  
o f va rio u s  reg ions to  tum our p ro du c tio n . R egional d iffe re n ce s  may a lso  
be due to  the presence or absence in  c e lls  o f ce rta in  g e n e tic  m arkers , 
a lte ra tio n  o f w h ich  m igh t bring  about c r i t ic a l m uta tions a ffe c tin g  the 
g row th  and d if fe re n t ia t io n  p o te n tia l o f such c e l ls .  Perhaps cu ltu re  o f 
c e lls  from d iffe re n t reg ions o f the  Liver and o f d if fe re n t c e ll  types  w ith in  
these reg ions and the s tudy o f th e ir  response to  carc inogens is  e s s e n tia l 
fo r  the e lu c id a tio n  o f these p rob lem s.
I t  appears th a t ca rc inogens possess ing  va rio u s  organ s p e c if ic i ty
•*
in v iv o , a l l  evoke changes assoc ia ted  w ith  ca rc inog ene s is  in  Liver c e ll 
cuL ture. The reason fo r organ s p e c if ic ity  seems not to  be the in a b i l i ty  o f 
the u ltim a te  carc inogen  to  produce such changes. I t  is  m ost p robab ly , 
as w ith  in tra -o rg a n  re g io n a l d if fe re n c e s , the a v a ila b i l i ty  o f uncon jugated  
u ltim a te  ca rc inogens o r the  presence o f c r i t ic a l  c e llu la r  lo c i .  The use o f 
c e l l  cuLture system s o f va rio u s  organs w ou ld  appear to  be o f g rea t use in 
so lv in g  th is  d ilem m a. As pos tu la ted  in  chap te r 1 .3  th is  t is s u e  s p e c if ic ity  
may be a ffec ted  by b a c te r ia l f lo ra  o f the g a s tro - in te s t in a l t r a c t .
A lthough no sho rt-te rm  te s t fo r ca rc inogens has been found w h ic h  is 
not w ith o u t prob lem s, the use o f c e ll cu ltu re  sys tem s, as describ ed  in th is  
th e s is ,  w ith  the in v e s tig a tio n  o f c e ll d iv is io n ,  AFP syn th e s is  and DNA 
re p a ir o ffe rs  an easy screen ing  te s t system  fo r  Large numbers o f chem ica l
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com pounds. The system  has the p o te n tia l fo r screening Large numbers o f 
organs in  many an im al spec ies w ith  the fa c i l i t y  fo r dynam ic fu n c tio n  te s ts  
in many o f the o rgans . Such system s couLd a lso  be used fo r c e ll  tra n s ­
fo rm ation  s tud ies  and tu m o u rg e n ic ity  on re im p lan ta tion  in to  isogene ic  
a n im a ls . C e ll cu ltu re s  cou ld  aLso provide a more re a lis t ic  system  fo r 
the m etabo lism  o f compounds being screened fo r m u ta g e n ic ity  by te s ts  o f 
the Ames ty p e , and aLso, w ith  the id e n tif ic a tio n  o f su ita b le  g e n e tic  Loci, 
may remove the n e c e s s ity  fo r b a c te r ia l m uta tion  as a m arker system  
a lto g e th e r. Th is has been done to  some ex ten t w ith  the p roduction  o f c e ll 
Lines possessing  ce rta in  a ty p ic a l c h a ra c te r is tic s  but the use o f c e ll line s  
should be avo ided due to  spontaneous trans fo rm a tion  and the lack  o f many 
o f the  c e ll types  no rm a lly  present in v iv o .
A lthough AFP le ve ls  do not appear to  be o f great use in v iv o  the 
increase in  the syn thes is  o f such a p ro te in  in  c e ll  c u ltu re , where the 
s e n s it iv ity  may exc lude  fa ls e  p o s it iv e  re s u lts , may be e x trem e ly  u s e fu l.  
Th is  may be e s p e c ia lly  so , i f  the p roduction  o f the  p ro te in  can be seen to  
be the re s u lt o f a gene m utated or s p e c if ic a lly  derepressed by chem ica l 
ca rc in o g e n s .
M uch a tte n tio n  has been paid in recent years to  the re a c tio n  o f 
ca rc inogens w ith  DNA and the developm ent o f the som atic m u ta tion  th eo ry  
o f carc inogens i s . . I t  appears u n lik e ly  th a t random m uta tion  o f DNA w ou ld  
b ring  about such co n s is te n t patte rns o f e ve n ts . I t  seems more probable 
th a t such m uta tions w ou ld  re s u lt in  com plete prevention  o f p ro te in  syn th e s is  
from DNA te m p la te s . The production o f tum our assoc ia ted  p ro te ins  is
probab ly re la ted  to  a d ire c t o r in d ire c t e ffe c t on RNA.
*h
W ork by Adams and Goodman (1976) suggested a p rogressive  
in h ib it io n  o f DNA a c tio n  as a tem p la te  w ith  the concom itan t Increases in 
the a c t iv ity  o f RNA po lym erases, probab ly a ttem pting  to  compensate fo r 
low  de novo RNA and pro te in  s y n th e s is . Swann et ad. (1975) have shown 
th a t the decrease in  ribosom a l RNA was not due to  decreased syn thes is  
but more to  an im pairm ent o f the m e th y la tlo n  necessary fo r the m atu ra tion  
o f the p recurso r. As the syn th es is  to  RNA is unaffected  th is  w ou ld  lead 
to an increased tra n s la tio n  o f mRNA and hence increased p ro te in  p roduction  
i f  mRNA were a v a ila b le  in the cy to p lasm .
W ork by Endo et a t .  (1975) has shown th a t the d is s o c ia tio n  o f h epa tic
~W\
polysom es by ca rc inogens produces he te rod isperse  in R N A -pro te in  com plexe
The ex is te nce  o f these com plexes increases the h a lf - l i fe  o f l iv e r  mRNA and
may p ro tect mRNA from n u c le o ly t ic  a tta c k . The c e lls  a ttacked  by
ca rc inogens thus possess in th e ir  cytop lasm  s ta b iliz e d  mRNA, a-norm al 
•»
production  o f tRNA, an increased a c t iv ity  o f RNA polym erases and an /
increased demand fo r  p ro te in  s y n th e s is . I t  w ou ld  thus appear th a t the /
presence o f mRNA in the cytop lasm  cou ld  ac t as an in it ia to r  fo r  p ro te in  {
syn th e s is  even though the DNA tem p la te  is  In a c tiv e . Koga et a L  (1974) i 
have shown th a t syn th es is  o f one o f the  tum our a ssoc ia ted  p ro te ins  nam ely 
AFP, is  c o n tro lle d  a t the le v e l o f mRNA, a lthough  w hether th is  is  a t the 
le v e l o f tra n s c r ip t io n , tra n sp o rta tio n  o r m a tu ra tion  is  unknow n. The 
carc inogen e th ion lne  has been shown to  a llo w  the un con tro lled  passage o f 
mRNA m o lecu les n o rm a lly  re s tr ic te d  to  the nuc leus in to  the cy top lasm  
(Shearer, 1974). S ince many c e lls  a lready  possess the la te n t a b i l i t y  to  
produce fo e ta l p ro te in s , p o ss ib ly  in  the form o f mRNA te m p la te s , i t  w ou ld  
not be su rp ris in g  th a t a carc inogen induced un con tro lled  passage o f such

mRNA in to  the cy top lasm  where m echanism s fo r its  p ro tec tion  and tra n s -  
la tio n  e x is t , w ou ld  re s u lt in an increased production o f such p ro te in s .
Th is w ould e xp la in  the occurrence o f o n co foe ta l p ro te ins and a lso  increase 
the im portance o f the in te g r ity  o f n uc le a r membranes in the co n tro l o f 
norm al p ro te in  s y n th e s is .
A m ajor problem in the understand ing o f the  mechanism  o f ca rc in o ­
genesis  is  the d is t in c t io n  between the events w h ich  are e s s e n tia l to  
cancer production  and those w h ich  are n o n -e s s e n tia l e ve n ts , secondary 
e ffe c ts  o r ju s t in d ica to rs  o f n o n -s p e c if ic ,  d e le te rio us  e ffe c ts . I t  is  
u n lik e ly  th a t the o nco foe ta l p ro te in s , w h ile  th e y  may possess ce rta in  
p roperties re la ted  to  the p roduction  o f h yp e rp la s ia , do not c r i t ic a l ly  
in fluence  the convers ion  o f such h yp e rp la s tic  reg ions to  n e o p la s tic  n o d u le s . 
A proposed scheme fo r the  mechanism  o f p roduction  o f tum our assoc ia ted  
pro te ins is  shown in  F ig . 6 .1  and th e ir  tenuous re la t io n s h ip  to  tum our 
production  is  represented in F ig .6 .2 .
I t  is  e s s e n tia l th a t a parameter su ita b le  fo r  use as an id e a l sh o rt­
term screening te s t fo r ca rc in ogenes is  be e ith e r an e s s e n tia l ing red ien t 
o f the  irre v e rs ib le  stage o f the process or a s p e c if ic  b y -p ro d u c t o f such 
a s ta ge . The te s t should a lso  possess a number o f o the r c h a ra c te r is t ic s :-
i) I t  should be fa ir ly  ra p id .
i i)  I t  should be cheap and not too demanding on so p h is tica te d
equipm ent or h ig h ly  tra ined  s ta f f .
i l l )  I t  should be amenable fo r use on large numbers o f t is s u e s  and 
many d if fe re n t an im a l species in c lu d in g  hum an.
iv) I t  should be a v a ila b le  fo r a l l  types  o f chem ica l com pounds.
v) I t  should not requ ire  a d d itio n  o f promoting agents o r o th e r
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s
Although AFP measurement in c e l l  cu ltu re  is not s p e c if ic  to ca rc in o ­
g e ne s is ,  increases above normal leve ls  are seen during trea tm ent w ith  a l l  
hepato carc inogens and no fa lse  negative  re su lts  have as yet been observed. 
Such a te s t  is there fo re^usefu l and i f  used in a sso c ia t io n  w ith  o ther 
parameters e .g .  DNA repa ir  and c e l l  trans fo rm ation  o f c e l l  cu ltu re  systems 
would com ply w ith  the m a jo r i ty  o f the above mentioned c r i te r ia .  Such 
screening te s ts  could most s a t is fa c to r i ly  be encompassed in a t ie red  system 
o f te s t in g  as described by Bridges (1976), the co m p le x ity  o f te s t in g  
increas ing  w ith  the po ten t ia l exposure o f  such compounds to  human, an im al 
and p lant po pu la t ion s . Bridges has encompassed three such t ie rs  co n s is t in g  
o f  i) short term sub-mammalian screening te s ts  w ith  a h igh p red ic t ive  
v a lu e ,  fo r  screening as many chem ica ls  as p o ss ib le ,  i i )  sh o r t-  and long ­
term mammalian te s ts  and i l l )  te s ts  to  eva lua te  as q u a n t i ta t iv e ly  as poss ib le  
the“ r is k s  o f  exposure to such substances in order to  eva lua te  a r is k -b e n e f i t  
assessm ent.
Such-a system , a lthough w o rth w h ile  in the in te r im , should not prevent 
s t i l l  fu r the r research in to  the search fo r  an idea l screening te s t .  Such a 
te s t  w i l l  o n ly  become a va ila b le  from a greater understanding o f  the under ly ing  
mechanisms o f ca rc in o g e ne s is .  I t  is  my o p in ion  th a t such understand ing 
w i l l  o n ly  come from a concerted e ffo r t  on the in te rac t ion  o f ca rc inogens w ith  
the membrane structures surrounding and conta ined in the c e l l .
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